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Most traits of economic importance in our commercial 
plants and animals are-quantitative characters, for 	- 
example milk production and crop yield. However, our 
understanding of the nature and function of individual 
genes involved in the control of quantitative, characters 
is still very poor. There are elegant and powerful 
Biometrical methods available for the detection of 
additive, dominance and interactive components of variation 
in quantitative characters (Mather and Jinks, 1971). 
However, if we are to gain a full understanding of 
continuous variation and of Evolution then it will be 
necessary to understand the nature and function of the 
individual genes involved, for which the Biometrical 
approach is not suitable. The aim of this investigation 
was to attempt the isolation of the genetic factors 
controlling, quantitative variation in bristle number in 
the fruit fly, Drosophila melanocjaster. 
1. The History 
The study of quantitative characters was initiated by 
Galton (1889), Darwin's cousin, and Pearson (1894), before 
the rediscovery of Mendelts work. There followed a great 
controversy between the Mendelians led by Bateson and 
the Biometricians led by Pearson and Weldon who favoured 
common-blending' type of inheritance, following the 
rediscovery of Mendeles work. The controversy stemmed 
from the difference between Mendelts sharply discontinuous 
differences and Galtonts smooth variation. 
2 . 
Mendel (1865) himself tentatively suggested a multi-
factorial control of flower cblour in beans (see Wright, 
1952). Yule (1906) suggested that a multitude of individual 
genes each of small effect would produce continuous quanti-
tative variation-. Weinberg (1909, 1910) was the first to 
attempt to separate the variation into .its genetic and 
non-genetic components. Johannsen (1909) demonstrated with 
his observations on seed weight of pure lines of beans, 
Phaseolus vulcjaris , the existence of both'heritable and 
non-heritable factors controlling the variation of a 
quantitative character by using breeding tests.. Nilsson-
Ehle (1909) realized that a number of heritable factors, 
each of small individual action could account for the 
continuous .phenotypic variation of quantitative characters. - 
Also, East (1910), who studied ear length in corn, put 
forward a mul.tifactorial interpretation of the genetical - 
control of a quantitative character, observing the -much 
greater. variance due to genetic segregation in the F 2 
generation compared with the F 1 (East, 1916). Generally, 
it was accepted by 1920, that quantitative variation was 
due to the segregation of Mendelian genes of small size 
and environmental Inoiset.  
- 	Both Fisher (1918) and-Wright (1921) independently 
extended the previous - theory and together laid the base 
for all future developments in the field of quantitative 
genetics. Demonstrations of linkage between a major - 
gene difference and a quantitative character soon followed 
(Sax, 1923; Ramusson, 1935). 
3 . 
Having accepted that quantitative variation is 
controlled by Mendélian Units of inheritance with small 
individual effects relative to other sources of variation, 
the most obvious problem resulting is to gain a greater 
understanding of their nature. Most of this type of 
work has been performed using Drosophila, the next 
section, therefore, is a review of the locations of • 
quantitative character effects in. Drosophila. 
2) Drosophila 
Drosophila presented a wealth of opportunity for 
further study. Warren (1924) showed that all four 
chromosomes-carried egg size' genes. Mather (1942) 
developed a technique which could assay the contributions 
of the major chromosomes to quantitative differences in a 
character between two or more stocks. Mather (1941) and 
Mather and Wigan (1942) observed that their abdominal 
bristle number differences in selected lines were a 
consequence of recombination. Mather and Harrison (1949), 
were able to trace 8591c of the effect to genes carried by 
the chromosomes, the remaining 15% being due to residual 
recombination and the unmarked fourth chromosome. - 
An important step forward was that of Breese and 
Mather (1957) who analysedabdominal bristle selection 
lines. - They manufactured 'Synthetics', using multiple 
marker stocks, consisting of different amounts of up,. 
and down, 'Li, selected chromosome with the possibility 
of a short section of marker chromosome between them 
(diagram 1). 
4 . 
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Diagram. 1. An example, of a. Synthetic 2 chromosome. The 
two known sections are separated by a chromosomal section, 
?, of known length but uñknown. origin, although it is 
- 
	
	expected to consist on average, of one, third marker 
chromosome. 
Each fractionation of the third into six'. different 
regions. - revealed a genic difference implying at. least 
six factors, as every region proved to be active. * They 
found that the effect was distributed roughly evenly 
along the - physical length of the chromosome. A correlated 
response , in sternopleural bristle, score was shown to be 
due to linkage rather than plelotropy. Breese and Mather 
(1960) found female viability effects associated with all 
but one of the six sections of the third chromosome. 
3) Thoday?s Method 
The next step in. development of location methods was 
developed by Thoday and involved locating effects more 
precisely within the chromosome. Thoday (1961) put 
- together the methods of Breese and Mather (1957), and 
Sax (1923) who had looked at linkage between major genes 
and polygenes by using markers to follow chromosomes. A 
- chromosome with a minimum of two recessive marker genes is 
• used to analyse a homologous chromosome which has a 
different value for the quantitative character under' 
investigation. The two chromosomes are brought together 
in. a female fly, the progeny of which female, having been 
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crossed to a homozygous male, will include recombinant 
flies. These flies which can be recognised phenotypic-
ally are then assayed for the quantitative character, 
the amount of effort placed in such an assay determining 
the success. of polygene location. It is assumed that the 
rest of the chromosome being examined and the other 
chromosomes ,are homozygous for effects controlling the 
character. This method is limited by the availability 
of suitable markers and the amount of time and effort to 
be expended. It requires a high degree of homozygosity 
and the ability to prevent crossing over in both male and 
females. Ideally the markers should be neutral in effect 
on the character, should straddle the section under 
investigation and be close enough together to ensure that 
the probability of trip2le crossovers between them is 
small enough to be ignored. It is also important that 
other sources of variation should be minimised by 
controlling- environmental conditions (e.g. temperature 
and humidity) and a recently manufactured isoallelic 
background 
The efficiency of the method is to a large extent 
determined by the amount, ofeffort placed in the assay 
(e.g., the number of flies scored), adequate progeny-
t'esting a sufficient number of each recombinant class 
is required to determine how many subgroups and hence 
how many loci, are involved. This was the method 
upon which the present investigation was based as it 
appeared a powerful means of detecting individual effects. 
6. 
The examples that follow are examples of the application 
of this method. 
Gibson and Thoday (1959) investigated a second 
chromosome polymorphism of Thoday and Boamvs (1959) 
sternopleural selection lines. They found it to be a 
homozygous lethal low scoring chromosome (- -).and two-
non-lethal intermediate scoring chromosomes (+ -, - 
which produced low scoring homozygous lethal chromosomes 
by recombination. The intermediate, scoring chromosomes 
­ -.11 
provided a heterozygous-system which-ensured that low 
scoring recombinant chromosomes were continually being 
reconstructed. 
Thoday (1960) used a multiple marker stock to 
analyse Thoday and Boam's (1961) sternopleural selection. 
lines. He located effects between c (3726.0) and 
• 22.' (3-45.3) on the third chromosome which were enhanced 
inthe presence of the selected second chromosome. 
Gibson and Thoday (1962a) investigated the two inter-
mediate low scoring second chromosomes of Thoday and 
Boam (1959). They used a multiple recessive marker 
stock to locate the two loci involved and to investigate 
the status of the other recombinant product (+ +), 
designating the increase 'in effect with a '+ . The two 
loci were estimated to be at 2-27.5 and 2-47.5cM and they 
showed the presence of the two intermediate chromosomes 
in-the unselected base population from which the 
selection lines had been derived. Gibson and Thoday 
(1962b) examined the viability of the eggs produced 
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from various testcrosses involving the two loci. They 
found that the ++ heterozygotes were lethal and so 
presumed that the homozygotes were also lethal. Thus the 
+ -/-- + genotype was viable whilst the + +1- - genotype 
was lethal, this position effect interaction operating 
over 20 map units, indicating the complexity of inter-
action-detectable between located polygenes. 
Woistenholme and Thoday (1963) analysed the high 
third chromosomes of Thoday and Boamvs selection lines 
(1959). They formed two classes of chromosome, 
a high and intermediate bristle scoring class. Using a 
multiple recessive marker chromosome they were able to 
locate at least two genes at' about 3-49 and 3-51 cM, 
each having an effect of about '1.2 bristles when hetero- 
zygous, which were dominant and did not interact. Thoday, 
Gibson and Spickett (1964) examining the, lines of'Thoday 
and Boani' (1961) 'formed heterozygous synthetics of the 
high line and wild type third-chromosomes. They, located 
two equal dominant non-interacting effects,3a at 3-29.3 
and 3b at 3-31.8 cM which together increased sternopleural 
bristle score by about 6.4 bristles. The accelerated 
response exhibited by these lines being due to 
recombination, .converting repulsion into coupling linkage ) 
as regards these two factors. Spickett and Thoday (1966) 
at 
located an'effect on the second chromosome/2-41,1 + 1.7 cM 
with an effect of .i. 1.75 bristles with the Oregon third 
chromosome and +4.75 bristles with the high third 
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chromosome, interacting with both third chromosome loci 
but more strongly with 3a than 3b. On the  chromosome 
they located at least two separate factors at 1-2.4 ± 
0.5 and 1-50.5 + 0.9 cM. Each locus had an effect of 
+1.5 bristles when hemizygous and did not interact. The 
X chromosome interacted with 3a (+3 bristles) but not 3b. 
The total effect of the five 'located polygenes' is 
of 17.5 bristles which accounted for 87.57o of the 
difference between the selected and base lines. Thoday 
(1973) concluded that these results suggested that the 
response to selection was 'due to recombination between 
previously unspecific effects which are built - up into 
'Supergenes' with specific effects. The results from' 
this series of papers by Thoday and co-workers are 
summarised by Thoday (1967, 1973). They have isolated 
major factors involved in the control of sternopleural 
bristles, and also' accounted for accelerated responses 
to selection in terms of recombination between them. 
How typical their results are of quantitative characters 
is not clear but it has been shown that the method is a 
powerful tool for 'polygene location'. It seems likely 
that their results' were simpler than might be expected 
from the study of most quantitative characters, nevertheless 
their results were both useful and encouraging to further 
study. 
Davies and Markman's (1971). lines were examined by 
Davies (1971) using a multiple recessive marker stock in 
9 . 
a Thodáy-like (1961) analysis. He assayed chromosomes - that'  
had had a single crossover between the selected chromosome 
and the multiple recessive marker chromosome 
for the third chromosome), that had been made homozygous. 
His results showed that abdominal and sternopleural 
factos were separable; the correlated response resulting 
from linkage not pleiotropy, with factors often within 
5cM. A number of intrachrômosomal interactions were 
detected, since the effect of certain genes were different 
between reciprocal recombinant classes. Whilst many of 
the lines appeared to have responded by utilizing 
variability at the same locus, allelism was not established. 
Because factors of both directions, increasing and 
decreasing, were found on the same selected chromosomes 
there must be considerable doubt about the location and 
size of effect estimates isolated from this study. The 
genes of opposite direction were always located as being 
close to the ends of their chromosomal sections. An 
opposite effect located in the centre of a section not 
detected invalidates the results, which are then 
unwittingly incorrectly interpreted. Even in cases where 
no factors of the opposite direction to 11 the direction 
of selection are detected the1e may still remain a 
problem (see P. 55). Opposite effects can only be 
detected if they are towards the ends of the section 
being investigatedso that if they are detected this may 
well be a due indicating that there may be others 
elsewhere. 
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The high sternopleural third chromosome was shown 
to carry at least eight factors and since none of them 
were decreasing factors the results may not be misleading. 
Three abdominal bristle factors were also detected on 
this chromosome, andat least two increasing sterno- 
pleural bristle factcrson' both the  and second chromosomes. 
Davies' multiple recessive marker chromosome had not been 
constructed so that it carried only decreasing*  sterno-
pleural bristle effect. As a result fewer factors would 
be expected to be segregating and therefore detected. In 
all atleast (16 sternopleural bristle loci are indicated 
to be required in sternopleural bristle number control 
(Beardmore, 1970) by Davies' work.. These results have 
shownthat itis possible to detect numerous polygenic 
loci on the same chromosome, with the correct material 
and adequate effort in scoring flies. With a more 
suitable tester chromosome, still more factors should be 
detectable. 	 .. 
MacBean et al. (1971) selected for increased scutellar 
bristle score in Drosophila and managed to increase the 
base score of 4 to a score of 16 in females and 13.5 in 
males. They showed that the second chromosome was the 
most important source of additive effect. Using several 
different marker stocks but most informatively 
(Po 2-65.2,2-67.0cM)they showed that there were two 
loci of similar and additive effects within this region. 
Their observed accelerated response was presumed to have 
largely resulted from recombination between these two loci, 
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'chaeta' at 2-65.6ánd scabrous (sca 2-66.7), which had 
previously been in repulsion linkage. This study has 
shown that for even a normally almost invariant character 
such as scutellàr bristle score, it is possible to locate 
individual genetic factors.. In the present study scutellar 
bristles were also usually scored and effects were detected. 
Piper (1972) examined a third chromosome from a high 
sternopleural line from the 'Kaduna' 
strain, in a high sternopleural scoring background he-
used a multiple recessive marker stock 	se, st') to 
examine the third chromosome in more detail. He collected 
19 	not se recombinants, which he was able to divide 
up into at least 9 overlapping sub-groups. He incorrectly 
concluded from these that there must have been 8 genes. If 
instead, the recombinant lines are divided into non-over-
lapping subgroups, there is evidence of at least 5 sub-
groups, and when the lower parental score is also taken 
into account this would indicate that there were at least 
5 factors in.this section (3-26 to 3-44 cM). Similarly 
ür scutellar bristle score, he had a minimum estimate of 
at. least 5 factors which should be revised to at least 
2 factors. 
The studies of Davies (1971) and Piper (1972). 	have 
shown that the genetic control of bristles is more 
complicated than implied by the results of Thoday and 
his co-workers. More factors were detected and still 
more were probably accessible to further work. Piper's 
(1972) data is a good source of information of the 
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results that might be expected in the present investigation 
of the high 'C' chromosome, at least for the second 
section (3-26 to 3-44 cM). Table 1 gives an idea of the 
previous quantitative character locations in Drosophila. 
4) Statistical Methods 
Stewart (1969a) presented techniques to determine 
whether segregation at one or two loci was enough to 
account for the amount of quantitative variation detected. 
The. method involved the comparison of the frequency 
distribution of a backcross generation, with those of the 
corresponding parental and F1 generations. Simulations 
were carried out and it was concluded that as long as 
the heritability was at least 0.3, and at least 100 
individuals were measured in each of three successive 
generations, the method can be applied to two inbred strains. 
Stewart (1969b) presented methods for detecting linkage 
when only one or two loci were involved in each character 
that was measured in the above way. 
Hasemann and Elston (1972) gave procedures for 
estimating linkage between 'marker loci' and quantitative 
loci, using sib-pairs and assuming random mating and 
linkage equilibrium. Robertson '(1973) showed that the 
power of their method was very low. Soller and Genizi 
'(1978) presented a method of evaluating - the power of 
statistical tests for the detection of linkage between 
a. marker locus , and a quantitative locus, in a segregating - 
population. "For a quantitative locus generating 0.01 
of the total phenotypic variance, at least 10,000-20,000 
TABLE .1. 	Previous locations of bristle effects in Drosophila . Pnan numerals refer to chrcatscates. 
Arabic numerals refer to locations in d4 on the chrcnoscus. 
Character Minimum No. Approximate Locations Reference 
of Effects 
Scutellal Left end of X Payne (1918) 
1 III 
1 Right end of X Sismandis 	(1942) 
2 X and III Fraser (1965) 
Miller et al. 	(1966) 
• 3 	. X, 	II and III 	 . 	. Snowcroft (1966) 
• 	1 . . 	 X 0-51 Whittle (1969) 
1 110 U 
1 1154-76 
2 1110-26 	 . 	 . 
2 III 26-44 - . Piper 	(1972).  
extra posterior II.left arm associated with an Whittle 	(1969) 
Sector bristles inversion 
Abdominal 3 	. X, II and III Mather & Harrison (1949) 
• 6 III concentration around 26 Breese & Mather (1957) 
• 3 	0 7.8±2.3 	16.4±2.4 	65.9±2.5 •  Davies 	(1971) 
2 II 	65.6 	('chaeta') 	& 	66.7 	('sca') MacBean (1971) 
• 1 Sm ab fl 	- 	 91.5 • •Frankham & Nurthen(1981) 
Coxal 4-7 X concentration at left end Mather & Planks (1978) 
Sternopleurals • 	 4 X 5, 	21, 	20-33, 	63 	0 Louw (1966) 
8 III 0 1 0-27, 	27, 	27-43, 	43, 	50, • 
50, 50-62, 71-107 
Weight 1 	• II 	13 	(3w) 	. 	. Spickett (1963) 
Sternopleurals 1 . X Rokitsky 	(1927), 
Karp 	(1936) 
• 	 • 
• 	 6 III 	 . • Rokitsky 	(1927). 
• 	4 X.0-31 10_31,31_50,  60 - right end Wigan (1949) 
• 1 
0 
II 27 Gibson & Thoday (1962) 
1 
0 
11.47. 	 . 
1 III 	49 . 	• 	
0 
1 
Woistenholme & Thoday 
• 111 51 • • 	 (1963) 
TABLE 1. (Continued... 1) 






Sternopleurals. 	1 	. 1101 	29 	-('3a') 0 Thoday, Gibson & • 	 1 III 	32('3b') 0 Spickett (1964) 
0 	 1 11 . 41.1±1.7 	( 1 2 1 ) Spckett & Thoday(1966) 
0 	
10 	0 X24±0.5 • 
0 	 " 
1 X 50.5±0.9 • 0 
2 11 26-44 	• Mostafa 	(1963) 
1 	'. III right arm 
0 	
1 • Iv 	0 0 Robertson & Louw (1966) 
0 	 • 	0 	 1 	 • 
0 







(1972) 	• 	 0 
. Robertson, Briscoe & 
0 0 	
0 	
0 Low (1977) 
0 	 5 	: III 26-44 0 Piper 	(1972) 	0 
• 	1 0 III right of 44 1 0 
0 	
0 	8 III 5.9±2.1, 34.7±1.31 	0 0 	 Davies 	(1971) • 




21.2±1.9 	0570.1±3.3 • 	0 
• 	
0 	 • 
0 	28.0±0.8 067 . 3± 2 . 2 . 
0 
0 	 0 	 • 	 • 0 
2 	0 x • 	 . 0 •u, • 
• 	 2 II • • 
1 II 0 Madalena & Robertson(1975) 
10 III 0 
0 	
• 	Robertson(1966,1977,1979) 
1 X 0 	 • Robertson (1970b). 
TABLE 1., (Continued... 2). 
Minimum No. 	Approximate 
Character 	Description 	of Effects Locations 	 Reference 
Wingvein cvi - 
pattern 
cve 12 
L4 - II 4cM long section 
• L4 1 PL(2)L4a at 2.72±2.3 
L3 1 left of 2-48. 
- II 
L4 2-3 
Reproductive female via- 
bility 5 III 
male sexual 
ability - II 
Behavioural phototaxis X, II & III 
4ve geotaxis X & ii 
III ve geotaxis 	
All four chromosomes  








Breese & Mather(1960) 
Kaidanor (1980) 
Hirsch (1959) 





Dobzhansky et al., 
(1972, 197) 
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offspring divided among 10-100 families are required for a 
power of 0.90. A given decrease in family size generally 
requires a more than equivalent increase in number of 
families for equal power". Recombination frequency 
greater than 0.10-0.15 greatly reduced the power as did 
dominance at the marker locus and gene frequencies other 
than 0.5. Incomplete fixation also greatly decreases the 
power of the tests of linkage between marker and quantitative 
loci (Soller et al., 1976). Examining the expected distri-
bution of marker-linked quantitative effects in inbred 
line crosses, Soller et al. (1979) concluded that "over a 
wide range of assumptions the probability that a given 
marker will have an associated linked quantitative effect 
equal in magnitude to 0.2 phenotypic standard deviations 
or greater, is of the order of 0.10 or more. In most of 
these cases it can be expected that the marker-linked 
effect will be due tO one, or at the most two, quantitative 
loci in the vicinity of the marker". 
I feel that this approach is of only limited application, 
as it is not powerful and has many constraints. Thodays 
technique has the advantage of being more powerful 
and enables large sections of chromosome to be examined 
at the same time. Possibly this type of approach would be 
ofmost use in studying quantitative variation in Man with 
the numerous markers, and inability to carry out breeding 
programmes. 
5) Wright's Method 
Wright (1952) 'proposed.a method for the location of 
one or more relatively important factors controlling a 
quantitative character, or to demonstrate that there were 
no large factors. The. method comprises repeated back-
crossing to one fixed genotype, accompanied by the 
appropriate selection. He suggested selecting backcross 
individuals from near the middle of the distribution, 
where all large increasing alleles have probabilities of 
a half of being present, and selecting the progenies 
according to their coefficients of variability. 'By this 
means,' factors in the dominant additive .effeát with respect 
to the backcross parent, can be isolated. It was necessary 
to assume that the parent lines were homozygous and no 
gene complementarity., i.e. that, neither line contained 
genes which, if substituted into the other, would 
further. increase the between line differences. 
He proposed that prior to attempting isolation there 
.should- be aprograinme of repeated backcrossing, with 
selection of the extremes to make sure that the lines 
contained effects of only one direction. During this 
process smaller genes could be eliminated by accident. 
Chai (1961) attempted to use this method to examine 
the difference in 60 day body weight between two inbred 
strains of mice. He concluded that "a small number of, 
if not single, dominant inheritance units may have been 
introduced from the large to the small mice". 
14.. 
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Mostafa (1963) carried out a similar attempt, looking 
atsternopLeural bristles in D.melanoQaster. He found a 
concentration of sternopleural bristle effect on the third 
chromosome, between 3-26.5 and 3-44 cM. He suggested 
that there was a small number of polygenes of large 
effect, rather than many of small effect in this region. 
He also found that he had retained the complete high 
third chromosome in some of his lines. It seemed that this 
method was isolating large blocks of chromosome rather 
than individual factors and that this would bias any 
estimates of the number of factors involved. One extra 
point of interest was that. his investigation. implied that 
the.extreme right arm of the highsternopleural third 
chromosome contained genes epistatic to the left arm genes, 
as found in,the present study.' 	 . 
Piper (1972.) used a modified version of Wright's 
procedure, which did not depend on the assumption of 
unlinked additive genes and as not dependent on all the 
genes in one parent being in the same direction. It did 
require homozygosityat the relevant loci, of the recurrent 
parent. He developed theory that enabled the prediction, 
of outcomes of.'backcross with selection' procedures in 
terms of gene effects and selection intensities.. He 
showed that for a given selection intensity there was ,a 
minimum gene effect necessary for detection, using single 
locus, two locus and multi-locus models, with both 
infinite and finite population sizes. The two locus 
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'studies indicated - that when two genes are linked, the 
chance of separating them is-dependent on the size of the 
smaller effect relative to the map distance between them. 
The procedure was likely to isolate closely linked 
groups of genes rather-than single major genes.- Ina 
Drosophila experiment he isolated-.3 tincreasing factors 
- between 3-26 and 3-44 cM on the third chromosome and one 
to the- right of 3-44 cM. He concluded that the procedure 
would be of limited usefulness for the genetic analysis 
of domestic animal species. 	 - 	 - 
-This approach appears to be less powerful than that 
of Thoday (1961), detecting fewer effects from the same 
material, being designed to pick up large individual 
effects - only. I am more interested in finding how many 
loci are involved, which whilst it is likely that only 
large factors can be detected individually, I feel at 
least an attempt should be made to locate smaller effects 
as well as the larger effects. 
6) Re-definition of the Character 
Spickett, Shire and Stewart (1967) studied-the . 
adrenal X zone in-mice and found that how they defined 
one of its properties, adrenal activity, determined their 
ability to detect the -genetic control. When the character 
was defined as mpg of steroid per gram body weight, their 
two strains could not be separated, having a.unimodal - 
distribution. By progressively being more specific 
about the definition of the character they were-able to 
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separate the two strains. When the character was 
defined as 	of corticosterone per mg of zona glomerilosa 
and fasciculata the two strains no longer overlapped. In 
this way they showed that a quantitative character, by 
being redefined in terms, of its components which are 
qualitative, becomes more easily handleable and far 
better understood. This approach is to break-down 
quantitative characters into their simpler discontinuous 
components. 
Spickett (1963) was able to separate sternopleural 
bristle 'number difference into more specifically defined 
- discontinuous, components. He described the morpho-
logical 'effects of located polygenic factors using Thoday 
and Boamts (1961) lines. He divided the sternopleurite 
into four regions (diagram 2) and counted the number of 
'bristles in each region for each stock. This enabled 
him to ascribe a different morphological effect to each 
of the three previously located loci and to discover a 
fourth locus, 3w (3-13 cM)'which reduced cell size but 
did not -alter bristle number. 3a (3-30.2) increased 
bristles in all parts - of the sternopleurite by increasing 
• cell number. '3b (3-32.6) increased and extended the 
distribution and reduced the size of bristles in one 
• 	region (D). 2(2-41.1) increased the number of bristles 
in one region (B) onlyby retarding the development so 
that several small bristles developed instead of one 
large bristle. This, then is an example of a more 
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complicated character being reduced to its simpler component 
characters. Such an approach seems to be useful, especially 
in combination with Thoday's (1961) technique. When put 
together they form a powerful tool-for detecting the 
more important discontinuous factors involved in a 
quantitative character's control. 
Diagram 2 shows the 4 regions of the: sternopleurite 
into which Spickett (1963) separated his bristle scoring. 
- 	He found some individual genes affected the regions 
differently. 	A 	a 
7) Biometrical Methods. 
With the simplifying assumption that all 'plus' 
alleles are located in one parental pure bred line and all 
'minus' alleles are located in the other, and if all 
genes are of equal size with no interaction or linkage, 
then the number of genes influencing a character can be 
estimated by Biometrical methods. The difference in 
variance between the F 1 and F2 can be used to give an 




8 VF2 - VF1 
or = D Mather & Jinks 
(1971) 
k = number of loci. 
[d]= (kd) 
= difference between 
means = 2d -. 
VF2_ VF1 = VA = Additive 
Variance = D. 
(Wright-Castle formula, 1922) 
If all the genes are not of equal size or if they are 
not distributed such that all the 'plus' alleles are in 
one parent and all the 'minus alleles in the other then 
'k' will be underestimated. Linkage will have the same 
effect, and since none of these assumptions are. likely 
to hold, estimates derived by this means are almost 
always doing to be underestimates. Departure from 
complete cbmplementarity will result in 'k' being 
estimated by 'K1' which will be an underestimate. 
Pan:se (1940a,b) proposed another method which does 
not require complete compleméntarity. Briefly, he 
proposedthat !k' can be estimated by 
- 	2 - HV 	= heritable portion of 
	
K - - H\/2F3 	 VF3 the variance 7 f the 
2 - - 	 F3 variances. 
H7 3 H' Y.3 = heritable portion of 
mean. variance of the 
F3. 
Howeiiêr,ifa1l thegenes are not of equal site 'k' will 
still be underestimated, K 2 . Mather and Jinks (1971), 
have revièwed examples of estimates of K1 and K2 from 
which it is apparent that the estimates of 'k' are under-
estimates. Falconer (1976) used this method to evaluate 
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the Drosophila bristle selection lines of Clayton and 
Robertson (1957)deriving an estimate of 99 loci being 
involved (more probably between 10 and 1,000); the 
estimate being imprecise. 
Jinks and Towey (1976) developed another method, 
!Genotype Assay s, for estimating 'k' • Two pure bred 
lines are crossed, the expected frequency of heterozygotes 
at a locus in the nth generation of selfing and-therefore 
the probalility of being heterozygous at least one locus 
computed. Heterozygotes can only be detected by genotype 
assay, i.e. from the mean and variance of families 
derived -from the segregants. Each individual can be selfed 
in the nth generation, random progeny chosen and selfed 
and the means and variances compared. Only a portion 
of the heterozygotes shall be detected, as not all 
progeny chosen will have different genotypes. The probabil-
ity that a heterozygote in the nth generation will be 
- 
	
	heterozygous at 2r? :loci, combined with the probability 
that the progeny chosen at random will differ, gives 
'max' the frequency of heterozygotes in the nth generation 
that is detectable. If it is assumed that all additive 
effects at all loci are equal and with complete dominance 
then this would give 2 P ' since it allows for the mm 
minimum expression of genotypic differences capable of 
detection. The true value would be expected to be some- 
where between P 	and P max 	mm 	 - - 
As in other methods the amount of effort placed in 
the estimation of the means and variances will largely 
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determine the amount of heterozygosity detectd, also 
there is the problem of distributing the effort between - 
counting number of lines and the number per line. 
Linkage will cause an underestimate of the number of 
factors involved and this method, in common with all bio-
metrical estimations of 'k', assumes no differential 
viability between genotypes and no location of factors 
is possible. Estimates derived by this method increase 
when greater opportunity for the breakdown of the 
'effective 	 by recombination-is allowed. 
Hill and Avery (1978) extended the - method of 
'Genotype Assays to include cases of linkage. For a 
range of models they computed the ratio of expected 
number of effective factors to the number of genes, in 
most cases the gene number was underestimated. They 
concluded that many generations-of inbreeding were 
required, especially in species with few chromosomes, 
if the estimates were not to be biased downwards by 
linkage. 
The two main problems with the- biometrical methods 
are the necessary assumption of equal sized gene effects 
and the inability to give chromosomal locations. 
Departure from the requirements causes an underestimate 
of the number of genes involved.. The range of gene 
sizes is one of the properties in which I am interested. 
Are quantitative characters controlled by a few large 
genes or more numerous intermediate genes or even count-
less small polygenes? The biometrical approach is of 
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little value to answer such questions, unlike the Thoday 
(1961) approach. There is no way of checking the estimates 
derived from the biometrical approach; many of the 
estimates do not seem realistic. Having to assume 
equal. sized gene effects is an obvious drawback if one 
wants to find important factors controlling the quantita-
tive character in question. 
8) Other Organisms 
Wheat 
Wehrhahn and Alland (1965) described a technique for 
identifying genetic factors controlling a quantitative 
character in Wheat, Triticum aestivum. They applied 
their technique to determine the difference in heading 
date between two varieties which differed by 15 days. A 
series of backcrossing generations produces a set of 
• 'inbred backcross' lines which should consist largely of 
lines that differ by only a single gene from the recurrent 
parent. If not too many genes offect the character, the 
distribution of 'backcross pure 	 should be 
discontinuous and consist of a number of distinct groups. 
In such an experiment they detected four 'effective 
factors', one of which was responsible for over 805ro of 
the total additive variance, the other three accounting 
for about 147o. One of the factOrs accounted for only 
- 	25%, showing the sensitivity of the method. The factors 
appeared to have different effects in different back-. 
grounds,'implyingepistatic interaction. One major 
drawback of this method is that it gives no indication 
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of the location of the factors, simply an estimate of the 
number of factors involved. 
Law. (1966) made use of the availability of and 
tolerance to, anëuploids in-Wheat using a modification 
of Unrau's (1958) technique. A substituted line is 
- crossed to the recipient variety, from which the male 
progeny are backcrossed to the recipient, which is mono-
somic or nullisomic for the chromosome being investigated. 
The resultant monosomic progeny will be hemizygous for a 
chromosome which may be a recombinant. These are selfed 
and the euploid homozygous individuals collected and 
scored. Telocentric chromosomes have been used to 
investigate the location of factors within single arms 
of chromosomes and to map' genes with respect to the 
centromere (Driscoll. and Sears, 1965).  
Law (1966, 1967) examined five quantitative characters, 
using a 7B chromosome substitution between two varieties. 
The characters - Were grain weight (gw) and height (ht), 
tiller number (tl) and grain number (gn) for each of 
which he located a single factor, and' ear emergence for 
which he isolated two 'effects e 1 and 2 Significant 
associations between these characters and four genetic 
markers enabled approximate locations, ht, qw and e. 
on the , long arm and 	on the short arm, whereas e and U 
could be on either arm, but were close to the centromere. 
- .- 	Law.(1968) formed a dIallel using-e 1 and e material 
that had vernalisatibn and day-length treatments. He 
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showed that vernalisation reduced the additive variation 
for both factors to the same extent, indicating a common 
pathway of action for the two factors. This technique is 
reliant upon 	 tolerance of aneuploidy and would not 
be suitable. for organisms not sö tolerant. 
Tomato 
Zhuchenko et al. (1978) estimated the contributions of 
marked segments of three tomato chromosomes (2,6 and 11) to 
five quantatitative characters; fruit weight, content of 
dry substances in the fruit, ascorbic acid content, 
concentration of titrableacidsand the pH of the fruit 
juice. They examined the differences between one large-
fruit and three small-fruit tomato varieties and found 
- 	evidence for the existence of factors with strong 
individual effects. This would seem to indicate that the 
findings in Drosophila and Wheat are probably quite 
general, i.e. that quantitative characters are at least 
partly controlled by individual factors of detectable effect. 
Mouse 
ChaI (1975) investigated the genes influencing leuko-
cyte production in mice. Using dominant marker stocks he 
attempted to locate individual, effects by crossing the - 
selected chromosomes to the marker stock, in a highly 
inbred background, to produce an F 19 backcross or F2 
generation. Significant differences in score associated 
with the marker class in the segregating generation indicated 
the presence on that chromosome of quantitative character 
(leukocyte production) effect. Va on the sixteenth linkage 
group vas linked to a significant leukocyte production 
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difference,.T on - the ninth linkage group appeared to 
lower and a (agouti) on the fifth linkage group to 
increase leukocyte production. 
The advantages of using the mouse are that as a 
mammal it is a better model for .the extrapolation to man 
and his commercial animals. Drosophila on the other 
• 
	
	hand has many experimentally practical advantages, 
and. so was usedin the present investigation. 
Fungi 
The techniques available for the analysis of 
quantitative variation in Fungi have been reviewed by 
Caten (1979). As he points out,. they have many 
characteristic properties which. make them suitable for 
the analysis of quantitative characters. These include a 
dominant haploid phase not available in Drosophila, as 
well as many of the advantages such as, short life cycle 
and ease of culture - in laboratory conditions, available 
in Drosophila. Despite - these advantages very' little work 
has been done on studying quantitative variation in 'Fungi,. 
and only a few species have been studied.. V 
The haploid phase can be simply analysed in a [Bi-
parental cross which detects genetic differences by the 
increase in the F1 variance. The haploid phase can also 
be used to short circuit the need of developing involved 
lines, to produce a 'stable homozygous diploid/dikaryotic 
phase that'can be analysed in the same multiple-mating 
programmes used in higher organisms. To quote' Caten 
(1979) "the potential contribution of fungi is great,. 
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particularly with regard to the nature and physiology of 
polygenic systems". Fungi should be considered as. a 
possible future source for experimental study in the field 
of 'polygene location'. . 
9) Summary 
A whole variety of quantitative characters have been 
studied in many different species, with bristle number in 
Drosophila being the most-studied combination for polygene 
location. These studies appear to indicate that there are• 
sizeable individual effects available to detection. Most 
studies have located only a few effects at a time but sothe 
have detected more (e.g. Louw, 1966 and Davies, 1971). 
The more successful studies have been of bristle number 
in Drosophila. In an. attempt to locate as many 'effective 
factors' or.. 'locatable polygenic locit as possible it 
- 
	
	was decided to combine bristles in Drosophila with the 
method of Thoday (1961) to look still harder for effects. 
The biometrical approach, though powerful, does not 
allow an estimation of locations or gene sizes. Other 
methods are more suitable for different species, for 
example Wehrahn and Allard (1965) and Law (1966) for 
wheat. Wright's (1952) method is suitable for the 
detection of sizeable individual factors only. Thoday's 
(1961) and Spicket et al's (1967) approaches appeared, to 
be the most promising and were therefore used in the 
present investigation. Considering the advantages of 
using Drosophila over the organisms so far examined it 
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makes sense to use it for further study; probably Fungi 
would be the next best source of material. The problem 
with the Thoday approach is the enormous amount of effort 
required, the greater the effort-the-more new factors-
detected.''  
10) Polygenes 
The genes controlling a quantitative character, 
polygenes (Mather, l94L), are by definition expected to 
be numerous, small in magnitude and indistinguishable. 
NO allele of a polygene will have an unconditional 
advantage as its advantage or disadvantage will depend on 
the genetic and. environmental background. A polygene is 
considered to be such because its effect is small relative 
to other sources of variation. Even if there are larger 
sized genes amongst the effects controlling a quantitative 
character, they must be few in number. In the past it. 
has usually been assumed that polygenes were too numerous 
and too small in effect to be investigated individually,  
since they could not be distinguished... Mather and Jinks 
(1971) suggested that the fine gradation in manifestation 
of a character showing continuous variation implied a 
large number of genes. They suggested that 10's and 
possibly 100's of genes would be involved. The major 
genes providing the "backbone of the genotype". 
Thoday and Thompson (1976) suggested that rather 
few loci or small regions of the genome that segregate 
as units, are responsible for a large part of the genetic 
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variance of quantitative characters. They suggested that 
allelic differences may have considerable effects, that 
there can be profound interaction between loci and that 
they can have their effects in quite different ways. 
They presented several models in which 2 or 3 loci 
account for most of the variance, even with large sample 
size, such that their distributions are indistinguishable 
t'J0(MtLI. CL1ø'4 
from that, of the Normal distribution. 4does not necessarily 
imply the segregation of a large number of loci. Allard 
(1960) and Thompson .(l975) came to much the same 
conclusion. - This would also appear to be supported by 
the results of Thoday and co-workers. In some cases at 
least,. .a few loci account for most of the .variation 
observed. 
On the other hand Ve,ta (1976) points out that a 
continuing response. to selection over many generations, 
especially where there has been'no appreciable change 
in the variance of the character under selection in the 
first few generations, implies many genes. One of the 
• aims of the present investigation was to attempt to gain 
further insight into the question of the number and 
size of 'po1ygenes influencing a quantitative character. 
Effective Factors 
Mather suggested the term "Effective Factor", see 
Mather and Jinks (1971), to. describe a located polygenic 
effect. Subsequent recombination may-further divide such 
factors into still smaller., but linked effects. No hint 
that more, than a single locus is involved is given until 
or unless such a recombination event occurs. Another 
term is 'Supergene', once such a factor is known to 
consist of more than one tightly linked gene.. The greater 
the amount of effort placed into the detection .of such 
1
. factors the greater the number, and smaller the average 
size, is expected to become. 	 . 	. 
Mather(1942) suggested that polygenes would be 
found in repulsion phase linkage with phenotypic scores 
near to the optimum whilst still being able to' show a 
slow but potentially large response to selection. As 
, Mather (1943) put it "Recombination is the tap controlling 
the flow of polygenic variability". Fisher (1958) 
suggested that when there are two genes affecting a 
metrical trait for which intermediate values are fittest, 
Natural selection will form closer linkage between - these 
• genes. Parsons, (1967) concluded that behavioural traits 
like other quantitative traits" were controlled by gene 
complexes that had been built up by Natural Selection. 
The work of Thoday and co-workers would, appear to support 
this. expectation of tightly linked repulsion phase 
combinations in the base population. 
Thompson and ThOday (1974) proposed that the term 
'polygenic'locus 2 replace polygene when reference is made 
to the .effects of an individual locus. A 'polygenic locus 2 
is defined as a 'genetic locus composed of one or more 
closely linked genes at which allelic substitutions 
29. 
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contribute to the variance in a specified quantitative 
charactert. They described a standard nomenclature to 
be used on polygénic loci. Geldermann (1975) proposed 
the term tquantitative-trait-locus t (QTL) for a distinct 
segregating locus for a quantitative trait. I have • 
tended to use the word tfactor' for a located polygenic 
effect,. knowing that such .!fäctors' may well be closely - 
linked polygenes. 
The nature of polyQenes 
Rendel (1968) suggested that the function of major 
genes was supported by .  polygenes which could either do 
the same job or enhance the action of the major genes or 
their products. Pandy (1972) suggested that major genes 
and polygenes differ in their function, polygenes 
directly or indirectly controlling major genes. Mukai 
(1979) speculated that most of-the viability polygenes 
were regulatory-genes which could play an important 
role in the evolution of the organism. Reeve,-) and 
Robertson (1953) proposed that selection may modify the 
genotype such that normally minor genes are transformed 
into major loci. Appropriate changes in the environment 
may sometimes have the same effect. Fraser and Hansche 
(1965) suggested that changes in the background genotype 
- may cause genes with initially small effects to become 
major genes. 
Lerner (1972) argued that there was no such thing 
as a polygene, that polygenicity was a property of 
phenotypes, each gene having a specific action at the 
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primary level of producing a given substance. Whilst 
Reiger (1968) suggested that since-the phenotype was 
the product of the genotype as a whole, every character 
was affected by numerous genes and was therefore polygenic. 
Originally Mather (1944) suggested that polygenes 
were located in the hetërochromati'C sections of the 
chromosome (Barigozzi,1951; Sismandis, 1942). This 
view was revised and it was shown that polygenic 
activity was independent.ofheterOChrOtflatifl (Wigan, 1949; 
Mather, 1949; Breese and Mather, 1957; Spickett and 
Thoday, 1966) 9 euchromatin being as polygenically active 
per length as heterochromatin 
Although the haploid Drosophila genome contains 
enough DNA to code for over 100,000 genes the actual 
number of genes may well be much less. It has-been 
postulated that the actual number is probably about 
5,000, one for each band' seen on- polytene chromosomes. 
Such a total would restrict the number of independent 
- polygenes available, perhaps implying that many poly-
genes were isoalleles of major mutants....Thompson -. 
(1973, 1979) suggested that the polygenes involved in 
the control of vein formation act in a general way, only 
indirectly influencing, the expression of specific major 
genes.' This reduces' the number of polygenic loci 
required to explain the amount of variation observed. 
- 	The ultimately desired position to be in would be 
- to know the location, interaction and biochemical 
properties of all polygenes controlling the commercially 
.32. 
(and medically) important characters. Breeders would then 
be in a much better position to beable to put together the 
optimum desired genotypes. They would then be able to 
manipulate continuous characters. in terms of their discon-
tinuous components.. The purpose of the present study was 
to investigate a quantitative character and to determine 
whether it was possible to estimate some of these 
properties. 
In my opinion I suspect that quantitative characters are 
controlled by a whole range of loci, with a few larger 
individual' effects, probably many very small effects and 
the whole range of intermediate,". Simplisticaliy,the 
expected frequency of an effect being inversely proportional 
to its-size. A realistic aim from the present study was 
to be able-to account for over 80965 of the genetic 
variation with located factors. Some of these factors 
will in all probability not be single loci but linked 
genes of smaller effect. However, if they are tightly 
linked this may not matter, since it may not alter 
either predicted responses to selection or any action 
of genetic engineering taken, as a result. On the 
other hand evolutionary implications are greater. 
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CHAPTER II 	 - 
MATERIALS AND METHODS 
It was decided to do a Thoday-like analysis on the 
high sternopleural bristle scoring stock available in this 
laboratory. The third chromosome was known to contain 
half of the total effect accounting for the difference 
between the extreme high and low stocks. And, since a 
low sternopleural bristle scoring multiple recessive 
marker chromosome (ruseca) was already available ,it was 
decided to investigate the third chromosome effect in de-
tail.. Before describing the materials and methods used, 
• the advantages of using Drosophila will be given. 
• 	1) Advantages of using Drosophila 	 S 
The method used in this investigation was only practical 
in an organism such as Drosophila. It relies upon some of 
Drosophila's special properties not available in commercial 
species. Listed below are some of the advantages gained 
by using Drosophila. 
Itis a well studied highereukaryote with many 
mapped markers, inversions, translocations and deletions 
as well as many special chromosomes. The background in-
formation available to workers with Drosophila is immense. 
It is easily cultured and maintained in laboratory 
conditions with minimal space and attention requirements. 
The life cycle and breeding interval can be mani-
pulated in length but is relatively short, about 20 days 
at 18°C, .11 days at 25°C. 
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Has the ability to withstand high levels of in-
breeding. 
Has a high reproductive rate, a single female 
laying hundreds of eggs over a few days. 
Has no crossing over in males and special chromo-
somes available to prevent crossing over in female flies, 
to enable whole chromosome manipulation. 
Has polytene chromosomes in the salivary glands of 
the larvae. These can be easily examined to show any 
major irregularities in the genome. 
Has only three major and one minor chromosome, so 
- that any unknown effect to be located is bound to be linked 
to some already located marker. 
Has a low recombination frequency (Darlington, 1934) 
enabling relatively large sections of the chromosome.-to be 
examined at a time. 
2) Culture Conditions 
Flies were kept in either 1" by 3" glass vials or 1/3 
pint bottles at a constant temperature of 25°C except during 
the collection of virgin female flies when the flies were 
kept overnight at a constant 180C. - Virgin female : lies 
were then collected twice a day, once first thing in the 
morning and once in the evening. There did not appear to 
bq any problems of non-virginity of flies collected in this 
way. 	Normally flies were collected from vials for counting, 
with usually two pairs of parents,which had been allowed to. 
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lay for about five days. It was important to try and 
maintain the same levels of crowding and temperature as 
both these may influence bristle number (Mann, 1923, 
Plunkett, 1926 and .Beardmore, 1960). 	On average about 
ten flies of each sex were scored from each vial. Any 
vial with fungal contamination was discarded.., The recipe 
for the medium used was the standard mixture of this laboratory. 
3) Stocks 
a) Sternopleural Bristle Experiment 
The high sternopleural bristle chromosome, C, came 
from the extreme selection line, C1C, of Da Silva (1961). 
This had been manufactured by the crossing together of 
plateaued selection lines followed by further selection. 
The low third chromosome (D) source was the 6171(1) chromo-
some of El Sayed Osman and Robertson (1968). All experi-
ments were performed in an isogenic high sternopleural 
bristle background, 'Standard', in which D had a score of 
about 16 sternopleural bristles and C about 50 bristles. 
D in the low scoring background had a score of about 7 
sternopleural bristles. 	The base population, 'Kaduna', 
from which all selection lines, had been derived, had. been 
kept in a laboratory cage with an average population size 
of approximately 5,000 flies, since its capture in 1949 
(see Clayton et al., 1957) and had a score of approximately 
16 bristles. Approximately half the total sternopleural 
bristle effect difference was caused by the third chromo- 
some. 
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As mentioned above the high sternopleural bristle 
selection line C 1C had had a sternàpleural bristle score 
'of approximately 50 bristles. However the score of this 
line at the start 'of this experiment was between 40 and 
45 bristles. 	Contamination seemed unlikely as C 1  C carried 
fap a female abdomen pigment effect at the extreme left 
hand end of the third chromosome and was Esterase_6F, a 
contaminating source would have had to have carried both 
these markers. Whether the reduction in score was due to 
a loss of effect on the third chromosome ora change in the 
background was not certain, but would indicate that at 
least some of. the difference in score may not have been 
available to detection. - A single third chromosome was 
examined, with an approximate score of 40 bristles, with a 
multiple recessive marker chromosome (ruseca) with . a score 
of 16 bristles, so' that the effect accessible to study was 
the difference in score, 24 bristles. 
b) Ocellar Bristle Experiment 
'One high and two low' scoring ocellar 'bristle third 
chromosomes were analysed, in the high sternopleural 
bristle background (Standard). 	These chromosomes had' been 
extracted by Professor Robertson from his plateaued ocellar 
selection lines at which point they had' scores of 11 and 
less than one bristle respectively. The base population 
score of Kaduna was 6.5 bristles, the selection lines - 
having reached their limits after about 20 generations of 
selection. The high third chromosome scored about 8 
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bristles and the low third chromosome about 3 bristles 
in the standard background. A greater difference would 
have been available to investigation if more suitable 
backgrounds and more suitable multiple recessive markers 
could have been used in this experiment, unfortunately 
time did not permit. their manufacture. 
c) Special Chromosomes 
ruseca - .a low sternopleural multiple recessive 
third chromosome which carried ru, ye, se, Est-6 5 , st, Sr, 
e and ca (see Appendix B) was used in. both experiments. 
TM3 - In (3LR) TM3 (see Lindsley and Grell, 1967, 
p.407). The important features of this chromosome were 
that it prevented crossing over in female flies,. - carried 
the dominant lethals Stubble (Sb) and Serrate (Ser) and 
the recessive markers ru and 'e. This chromosome was used 
to form balanced stocks and over the course of the experi-
ments only on a handful of occasions were the products of 
recombination between TM3 and its homologue detected. 
These were easily recognized and appeared to be of very 
low viability, if not sterile. 
4) The Construction of.ruseca 
The method that had been used for the construction of 
ruseca is given by Piper (1972), the stock was already in 
existence at the start of this project. Because the 
tester chromosome was required to have effects of only one. 
direction, in this case 'minus' sternopleural bristle effects, 
and the different markers may have come from different 
sources, a series of backcrossing generations with selection 
was required. This was to lower the score and-so-remove 
unwanted 'contaminating' high bristle effect so that. the 
low D -sternopleural bristle score was reached. The process 
was repeated for each marker in turn. Some. small effects 
of the wrong direction (increasing) may still remain 
especially if tightly linked to a marker, but they should 
only be small and certainly should not be alleles with a 
greater effect than the alleles on the tested high sterno-
pleural chromosome. Nonetheless they represent a source. 
of error. that. no. amount of hard work in counting flies can 
overcome (see Diagram .3). . 
ruseca had a score of ábout16 sternopleural bristles, 
the same score as Din the standard background, and so was 
very unlikely.tô carry any alleles at any sternopleural 
bristle sites with greater effect than those carried on the 
C chromosome. ruseca carried 7 recessive markers, though 
two of themru and ye are very close together, so that the 
third chromosome has effectively-been-divided into 5 sections, 
all of which. are. short enough for the chance of a double 
crossover between them to. besmall. ruseca and C also 
differed at the-Esterase.--6 locus, .ruseca carried Esterase-6 S  
andC Esterase_6F, which, enabled the second chromosomal 
section to be further subdivided. Weller and Soller (1981) 
describe some methods for the construction of multi-marker 
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and selection would be the most efficient methOd. However 
their method did not incorporate the need for a particular 
quantitative character score of the multiple. recessive 
marker stock. 
.5) Sternopleurals 
The Isolation of chromosomal sections 
All experiments on the third chromosome from C 1  C were 
performed in the high sternopleural bristle 'Standard' back-
ground, as were all experiments in this work. 
A homozygous ruseca male was crossed to ahomozygous 
C female fly and their female progeny backcrossed to the-
male-parent. From this cross the appropriate phenotypic 
- combinations were collected. Each separate section of 
high scoring chromosome from C flanked by neighbouring pairs 
of markers were isolated in an otherwise ruseca chromosome. 
To refine the isolation, 7 generations of backcrossing to 
the ruseca male parent accompanied by selection for low 
sternopleural bristle score were carried out (Diagrams 4 
and 5)• This was to remove 'contaminating' high sterno-
pleural effects flanking the sections being isolated; the 
lines plateaued in score within a few generations. Each 
section was then made homozygous and-scored. The exact 
method depended on whether the section involved carriedru 
àr e. By having 7 generations of backcrossing and selection 
it was, hoped that even closely linked to the markers re-
cessive increasing effects would be removed, ' 	by a 









DI cl.4 	Scores of-the sections as heterozygotes with 
ruseca during backcrossing and selection for 
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Generation 
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ruseS - ++ +++ ++ - eca 
ruseca / 	ru se S + + e .ca I I 
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ruseca -• V 
select low scoring • • 	V • • V 
VT and backcross to,. ru se S - - - + + + - - - e ca 	•• 
male - repeated 7 times. I 	• 
• removal of contamination during 
- 	backcrossing in the selection. 
DIAGRAM 5. 	 - 
Selection and backcrossed until score stable by removal of 'contamination' 
effect - 3rd section. 	 V 




het.: horn. het. horn. het. horn. 
1 	- ye-se 	. .1.76±0.23 5.82±0.25 1.72±0.24 6.28±0.24 1.74±0.16 6.05±0.18 
2 	- se-st 3.22 2.83 3.03 10.02 
2a - se_Est_69 1.73 5.29 1.69 4.81 1.71 5.05 
2b - Est-6-st 1.62 5.03 1.46 3.91 1.54 4.47 
3. 	- st-sr 1.67 4.89 1.46 4.79 1.57 4.84 
4 	- sr-é 0.04 	. 0.85 0.05 . 0.91 0.05 0.88 
5 	.- eca 0.23 1.03  0.30 0.02 0.67 
TABLE 2. Distribution of sternopleural bristle effect on the isolated C third chromosomál 
sections. 	Scores based on 50 flies of each sex and given for sections as hetero- 





reintroduced. The selection intensity became greater as 
the number of generations-increased, the five lowest 
scoring female flies were selected and used as parents of 
the next generation. Several males were removed and made 
homozygous after 7 generations and. the lowest scoring 
chromosomes used for further analysis. The second section 
was divided into two subsections by the Esterase-6 marker, 
2a which was from the se locus to the Esterase locus and 
2b which was from the Esterase locus to the st locus, making 
a total of 6 sections (Diagram 6). 
Table 2 and Diagram 7 show the sternopleural bristle 
scores as deviations from ruseca of the 6 isolated sections, 
each mean was based on 50 flies of each sex. Most of the 
effect appeared to be concentrated into the left arm of the 
chromosome so that it was decided to investigate the left 
three sections in more. detail. What actually happened was 
that the first and third sections were examined twice, on 
the first occasion only sternopleural bristles were scored 
and on the second sternopleural, tubprimal, ocellar and 
scutellar bristles were also scored. The second section 
was examined just once and the fifth section examined with 
the second. section held constant with high sternopleural C 
chromosomes, as there was an interaction in effect between 
these two sections. 	Finally the first. section was examined 
again brIefly.with the rest of the chromosome from the high 
sternopleural C chromosome, again to maximise interactions. 
4 
ruseca 	. . 	 C 
x . 	in'standard' 
ruseca 	 C 
ruseca 	. 0 	 . 	C 
x 
ruseca 	 ruseca. 
	
++Sstsreca 	. ruse S++eca 
'1 	 3.. 
ru+ F st Sr e cá 	 ru se S St + + ca 
2a 	. 	 4 
ru se F + sr e ca 	 ruse S. St sr + +. 
2b 	 5 
rU4T- .F +e ca 
2 
DIAGRAM 6. 
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The collection of recombinants 
The method of recombinant collection depended on 
whether or not the ruor e loci were involved. (Diagrams 8 
and 9). The example given is of the fourth section and 
shows how much simpler. the method for the collection of re-
combinants which are wild-type at either of these loci is. 
This was due, to the fact, that. TM3 carries ru.and e enabling 
the discrimination of heterozygous flies carrying TM3 and 
ruseca from TM3 and recombinants. . Collection of .recombinants 
which are wild-type at marker loci other than'ru.or e require 
a test cross generation. Single heterozygous TM3 males 
are crossed firstly to TM3/ruseca females and then to TM3/2 
females, the first cross 'revealed whether the heterozygous 
male was carrying ruseca or a recombinant chromosome and 
collection of rue/TM3 progeny from the second cross will 
enable the synthesis of homczygous recombinants in the next 
generation. Once collected the recombinant lines could be 
multiplied up and. scored. 
The '2a and 2b sections were not investigated further 
as the amount of work involved in the collection of the 
appropriate recombinants was prohibitive, requiring the 
running on starch gels of flies that would have had to have 
been mated prior to being assayed for Esterase-6 type. 
6) Ocellar Bristles 
A preliminary study was made of .thehigh and low' 
ocellar bristle selection lines of Professor Robertson, in 
order to examine the relative contributions of the second' 
41. 
41a.. 
ruseca 	 ruseSSr++Ca 
ruseca 	I 	ruseca 
	
single 	 / 
ruseSstSr+Ca* 
- 	x 
ruseca 	 ruseca 
'select 	 T. 
nf se Sst sr +ca 	I ruseSstsr+c 
ru se St sr + ca 
ru se S St sr + ca 
DIAGRAM 8. 
- 	Isolation of +e  recoitibinants e.g. from 4th section. 
4Th. 
ruseSst+eca 	 T 	 - 
x - 	 - 
- 	 ruseca 	 ruseca 




ruseca 	 C ?1 T  
ruseca
0O 	 ,ru Se S St + e. ca I ruse S st + e ca 
If 
if ruseca progeny produced by 	ru se °s st + e ca 
• 	first cross then disàarded. 0 	mu]Tiplied 
• 	 - 	 - UP and 
• . ru:se S s•t + e ca scored. 
	
- 	DIAGRAM 9. 	- 	 - 
•0 	
Isolation of r  recombinants from 4th section - an 
• 	
- example of the isolation of recombinants, 'which are wild-' 
- • 	type at a locus other than ru or e. 	• 	 - 
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and third chromosomes to the total ocellar differences. 
The bw St method was usedwhich showed the relative contri-
butions of the second and third chromosomes when- hetero- 
zygous. 
The breeding scheme used is shown 'in Diagram 10, the 
low ocellar line being taken as an example. A single male 
is removed from the low ocellar bristle stock and crossed 
to a bw st female, their mile progeny are backcrossed to a 
bw St female and the progeny collected, typed for the four 
possible phenotypes and scored (Table 3). 	It would appear 
that only the second low bristle chromosome in females was 
carrying effect of the opposite direction to selection. 
How this might be-was difficult to explain,but since the 
examination was of the third chromosome this need not con-
cern. us. An important point to be made was that the 
second chromosome in the high. line carried more effect than 
the third chromosome. The reason for examining the 'high 
third chromosome, instead of the high.second chromosome 
was one, of convenience, a. multiple recessive marker second 
chromosome not being readily available. 
Originally 8. low ocellar bristle third chromosomes 
were extracted and an attempt made to make them homozygous 
(Diagram 11). Unfortunately 4 of these third chromosomes 
proved to be carrying a homozygous lethal effect (B), , 2 
carried another homozygous lethal effect (A) and the-re-
maining two carried an inversion (In (3R)Mo). Examination 
of 21 more low ocellar bristle third chromosomes revealed 
c,l 
IRV 
II III Ii III 	 . 
• 	 . L • st. 
x 
L L bw St 	• 
bw . 	 . St . 	 bw St 	. 	 . 
L L bw 
bw St bw 
:t 
• 	 • 	 • 	 - 'bw st' 
• 
•• 	'bw' 	- 
bw St 	• . 	 ,bw St 	 • 	 . 	 - 	 ., 	 • 
St L L• 	 . 
'st' 	• . • 	 • 	 • 	 • 
bw: St • 	 • bw St 	 . 	 • 
• 	DIAGRAM 100 The -'bwst 	method for assaying chromosomal contributions 	. 	• 
- 
. see Table 3. 	. • • 	 . 
- 	 42b. 
LOW. bw: St bw + 
3rd 
Sex 
bw, St cT 7.219 6.220 0.999 
bwst bw 
9 6.930 6.584 -0.346 
st a - 6.987 - 	. 5.943 -1.044 
- St + 
9 7.897 6.259 -1.638 
2nd - -1.232 -0.277 -1.276 
2nd&3rd = 
0.967* -0.325  
HIGH bw St bw + 
3rd 
Sex 
bw st d 7.277 7.366 0.089 
bwst bw 
9 	' 7.471 7.821 ' 	0.350 
+ St 3 •7.736 ' 8.093 0.357 
'St '' + 
9 	- 8.270 8.588 0.318 
2nd • 0.457 0.727 ' 0.816 2nd&3rd = 
0.799 0,767 1.117 
• * wrong direction. 	 • 
TABLE 3. 
Relative contributions of second and third hetero- 
zygous - chromosomes to ocellar bristle differences between 
• extreme lines. • Note the greater 'importance of the 2nd 
.chromosome in the high line. 
42c. 
Pm 	Sb Ci C C 	T C 
__•_K_ 
T ' ueca 
not ru not e not ru not e 
C 	C 	T C C C 	T C 
X 
1 C C C 	l C 
C 	C 	 1 • 	C 
score 
C 	 1 	C 
L =low ocellar chromosome. with dominant lethal effect 
T = TM3 	 Pm = Plumb-dominant lethal 
C = Standard background 	 Sb = Stubble-dominant lethal 
1 = low ocellar chromosomes 	cD =Cubitus interruptus 
dominant lethal 
DIAGRAM 11. Shows method of extraction and the making homo-
zygous. - The original cross shown is to a female carrying a 
lethal third chromosome so that if the extracted third chromo-
some also carries this lethal effect no wild-type progeny would 
be produced from the first cross. . 
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all non-lethal chromosomes did carry the inversion, In(3R)Mo, 
which prevented cross-overs in the right arm of the third 
chromosome (see Appendix C). Nonetheless one of these 
chromosomes ; N41, was. exam.thed further, the entire right 
- arm segregating as a single unit. 
Before continuing with the analyses an attempt was 
made to locate more precisely the lethaIs'. A TM3/lethal 
male was crossed to a ruseca/lethal female 'in the Standard 
background. Wild-type males were collected and crossed 
to TM3/ruseca. females and their progeny were typed pheno-
typically. Since the wild-type males must be carrying 
the lethal effect on their 'paternally inherited third 
chromosome they must be carrying ruseca chromosome at this 
locus on their maternally inherited chromosome. The effect 
will be linked to one or other of the markers in ruseca; 
examination of enough recombinant flies should indicate 
the location, of the lethal effect (Diagram 12). 	In this 
way it was shown that one of the lethals, A, was linked 
to the St locus. The other lethal, R, appeared to be on 
the 'same chromosome arm as the inversion and so could not 
be located in'this way (Table 4). 
Another attempt was made to locate the lethàls, using 
a Gi Sb H.stock. Three third chromosomes were examined, 
one carrying lethal A, one carrying lethal B and one carrying 
the second region (2, se to'st) from a low océllar bristle 
chromosome.. (y) known to be carrying a lethal effect. 	A 









L = low ocellar chromosome 
col1ect'+' 	_____ 	
- with dominant lethal 
progeny 
x 	 . effect 
ruseca 	Breeding schErE to locate lethal - 
	
examine 	 progeny shown in Table 4. 
progeny 
TABLE 4. 	 .. 	 . 	 - 
lethal ruseca +ve +ve+se +se +ca +ve+se+ca +ve+ca +s +e+ca +ve+se+sv+ca +e+ca Total 
A 40 13 8. -, 19 9 3 1 1 1 95 
B 5320 17 1 .- - - - - 91 
Lethal A would appear to be linked to the St locus. The chromosome containing lethal 
B also contained the inversion which prevented crossing over. Lethal B was not 
- 	 . between +ye 	se and + .  
A 	 S 
19 	18 	1 	2 	i 1 - 	28 	2 	 distribution of crossovers. 
+ve 	+se 	+st +sr. 	+e +ca S 
P 
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female and the progeny phenotyped. Since TM3 also 
carries Sb, which like Gi and H is homozygous lethal, no 
TM3/Sb flies would be found. All non-TM3 flies must be 
carrying chromosomes from the Gi Sb H.chromosome at the 
lethal site. 	The- results. are given in Table 5. 	The con- 
clusions to be drawn from these locations were that lethal 
A appeared to be located close to the Sb locus (3-58.2cM), 
lethal B was not located between Gi and 	(3-41.4 + 3-69.5) 
and that the 1 chromosome appears to be - carrying a third 
lethal effect, E, near to Gi. 	There would seem, therefore, 
to be at least 3 lethals segregating in the low dcellar 
bristle selection line. , 	 - 
The lethal chromosomes were then exaiüinedto ascertain 
whether or not they carried In (3R) Mo, the results are -' 
shown in Table 6. 	Lethal B was-associated with In(3R)Mo, 
which is presumably why it was not located by 'the above 
methods. One chromosome carried both lethal A and B, and 
was the only time lethal B was found to be separated from 
- In(3R)Mo. Lethal A and B appear to-be of about equal 
frequency, 10 lethal A's and 11 lethal.--Bs being detected. - 
The x. chromosome carried a third homozygous. lethal effect, 
E, which was not lethal in combination with A or B. 
Further analysis was performed on chromosome d which carried 
lethal A. Presumably' the lethal effects were associated 




Phenotype lethal B lethal A 2 from y 
GI Sb H 	'. - 464 . 	 . 	 75 361 
TM3 . 	 399. 83 .355 
Gi/TM3 69 8 27 
Gl 39 0 40 
SbH 21 12 5 
GlSb .. 	.4 9 . 	 49 
+1 . 	 4. . 	 .0 3 
H/TM3 0 . 	 11 19 
Sb. . 	 0 2 0 
GlH 0 0 1 
Total 	... . 	 •1,000 . 	 200 866 
COT 
T 	 GlSb H 	 T=TM3 
x 
lethal. 4' lethal 
in 
above 	. . 	 . 
table . .. 
Number of flies per class from the above cross using, 
	
'G]. Sb H' to locate the lethals. 	The non-TM3 progeny 
must carry 'Gi Sb H' maternal chromosome, at the lethal 
site, as the paternal chromosome must carry the lethal 
effect. 
Lethal 	In(3R)Mo NoInversiOfl 
0 	. 	5 
5: 	 0 
A+B 	 0 	. 	1• 
TABLE 6. Lethal B appeared to be associated with 
In(3R)Mo. 	 .. 	. 
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The high ocellar bristle line did not contain lethal 
effects or inversions, a single high ocellar third chromo-
some, H, was analysed further. 
7) Extra Problems Associated With The Ocellar Bristle 
• 	Experiment 
There were several additional problems encountered 
during the investigation of the ocellar chromosomes. 
A) Not as close to the limit of response to selection 
The ocellar bristle selection lines had only been 
selected for about 20 generations and unlike the sterno-
pleural selection line,had not been. produced by crossing 
- . plateaued selection lines followed by further selection. 
Thus the oceliar lines were not as extreme for ocellar 
bristle score as they could have been. . The condition of 
compleinentarity of ocellar bristle effect could not be as 
confidently met.. The low ocellar bristle selection line 
approached very close to having no bristles,, though never 
being fixed for no bristles,, so that selection differential 
was reduced. The inability of the low line to be fixed 
for zero-bristles despite •a further 25 generations of ' 
selection indicated the influence of a balanced lethal 
system. The difference in score between the tester and 
extremes was less than in the sternopleural experiment, 	- 
so that less effect was available for detection. The high 
ocellar selected-line reached a score of only 11 ocellar 
bristles before plateauing. 
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B) The third chromosome not as important 
The ocellar bristle number differences were not con-
trolled to the same extent . -by the third chromosome as 
sternopleural bristle, number. Whilst there was a sizeable. • 
amount of effect associated with the-third-chromosomes in 
both the high and low ocellar. bristle lines, there was 
nothing like the concentration of effect associated with 
the third chromosome. The: high second chromosome in fact 
appeared to carry more effect than the high third chromosome, 
when examined as heterozygotes.. The lack of importance of 
the third chromosome would mean that less ocellar bristle 
effect would be available to detection. The reason for 
investigating the third chromosomes simply being that no 
suitable recessive marker strains were available for the 
investigation of other chromosomes. - Those low ocellar 
bristle third chromosomes that carried a lethal could not 
be made homozygous for scoring,, those with the inversion 
had a score of about . 3 .ocellar bristles in the Standard 
background. The high ocellar bristle third chromosome 
scored 8 ocellar bristles in the Standard background. 
C) No ocellar bristle equivalent to ruseca 
Ideally a low ocellar. bristle multiple recessive marker 
chromosome would be used to examine the 'high ocellar chromo-
some and a high ocellar-scoring multiple recessive marker 
chromosome to examine the low ocellar chromosome. Since 
neither of - these were available and time did not permit 
their manufacture, the low sternopleural bristle chromosome 
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ruseca was used. Since only those loci at which the 
tester and tested chromosomes differed could be detected, 
fewer factors would be available to detection. Although 
ruseca was expected to contain alleles of both directions 
it was hoped that it did not contain alleles with more 
extreme score than. the alleles on the extreme ocellar 
chromosomes. On average approximately half the loci 
would be expected to differ between the extreme chromosomes 
and ruseca than in a more suitable ocellar bristle scoring-
multiple recessive chromosome. One advantage in using 
ruseca was that it would be expected to carry lower sterno-
pleural bristle effects than the selected ocellar bristle 
chromosomes. Sternopleural bristles were therefore also 
used during the backcrossing with selection to remove the 
'contaminating' effects and in the ordering of the recom-
binant-lines during the analysis. 	ruseca had an ocellar 
bristle score of about 7½ bristles. 
D) 'Standard' background 
The extreme ocellar bristle third chromosomes were 
assayed in the Standard background as used in. the sterno-
pleural bristle experiment. This background was high 
scoring for sternopleural bristle number but would more 
ideally have been extreme for ocellar bristle score, to 
maximise interactions, and so help detection. Time did 
not permit the manufacture of new, more suitable, back-
grounds; for example an isogenic high ocellar bristle 
/ 
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scoring background for the assay of the high ocellar 	- 
bristle third chromosome.. The chromosomes used for 
further analyses had scores of about 8 (H) and 3 (N41) 
ocellar bristles in the standard background. 
E) Lethals and In(3R)Mo 	 . 
The low ocellar bristle third chromosomes carried 
either a. lethal, and/or In(3R)Mo. This prevented the in-
vestigation of an entire chromosome free from either a 
lethal effect or an inversion, both of which affected the 
investigation method which requires free recombination 
and homozygosity. No complete-ocellar bristle selected 
chromosome could be analysed by the Thoday-like technique 
used in this study. 	 . . 
All. these extra problems were. responsible for the 
smaller number of factors likely to be detected for ocellar 
bristles. All the problems tended to reduce the amount 
of effect available for analysis. 	It was decided to exa- 
mine three chromosomes in a preliminary way in order to 
get some idea of the location of effectsôontrolling 
ocellar bristles. A secondary result would be to find 
out how damaging to the investigation findings these extra 
problems were. 
Three third chromosomes were examined, one from a 
high ocellar bristle line, H, and two from the low ocellar 
bristle line, d, which carried lethal Aand N41 which 
carried In(3R)Mo. Again 7 generations of backcrossing to 
ruseca and appropriate selection were carried but. The. 
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- H chromosome was. selected down for both ocellar and sterno-
pleural bristles scores; the d and N41 chromosomes were 
selected down for sternopleurals and up for ocellars 
(Diagram 13a, b & c) during backcrossing. 
After 7 generations of backcrossing with selection, 
single thidchrczcscs were removed from each line and made 
homozygous before scoring (Table 7). 	Sections 1, 2 and 5 
of d, section 1 of H and all four sections of N41 appeared 
to carry significant effect of the appropriate direction. 
These sections were therefore examined further (except for 
N41's. right-hand section, which contained In(3R)Mo which 
prevented further analysis). 	. 
• SUMMARY 	•' 	• - 
Four sections of the high sternopleural chromosome, C, 
were examined further and in detail. • One section of the 
high ocellar chromosome, H, and three sections of each of 
the two low ocellar chromosomes d and I N4 1 . These sections 
were chosen because they carried effect in the appropriate 
direction, i.e. in the direction in which they had been 
selected. 
• 	In the next section the statistical method used and 
theoretical models developed are presented. 
oiag.13a N41 Oc ellars. 
en€ ration. 
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Chromosome Section Stern Scut Sp 0cliars 
number 50 50 50 50 100 50 of f lies 
d 1 19.24 4.02 5.18 6.84 6.79 6.84 
low 2 19.34 4..08 6.88 6.80 6.48 6.75 
ocellar 
line 3. 18.28 4.10 5.20 7.38 7.84 - 
4 16.74 4.06 2.12 7.84 7.87 - 
5 15.80 4.04 2.24 7.02 6.65 6.91 
H 1 19.50 4.50 6.46 7.92 7.65 8.15 
high. 2 18.64 4.14 7.48 6.44 - - 
ocellar , 
line . 	 3 17.64 4.00 3.02 7.24 7.09 - 
4 17.70 4.00. 3.16 6.86 7.02 - 
5 17.08 4.04 2.30 7.38 7.68 - 
N41 ' 	 1 18.00 4.26 3.28 6.58 6.49 6.38 
low 2 	. 22.52 4.04 7.98 6.52 6.46 6.58 
ocellar 
line vese .19.52 4.18 3.10 5.78 5.82 ? 
vesest 18.86 4.26 2.62 6.48 5.98 5.71 
ruseca 	, 16.34 4.02 1 2.08 1 7.30 1 	7.46 1 .  7.65 
TABLE 7. 	Bristle, scores of d. H and N41 homozygous 
sections in the final column the ocellar' bristle scores 
of the sections that were analysed further, (since they 
carried effect of the appropriate direction) 
- 	 50. 
CHAPTER III 
STATISTICS AND THEORY 
1) The Statistical Method 
Flies of each recombinant class were collected and 
scored, n flies per sex for each of N recombinant lines. 
Usually more flies were scored for the main bristle 
character than for the secondary bristle characters. All 
means were based on at least 25 flies of each sex, 
except for the subprimal bristle character in the C 2+5 
recombinant lines in which only 7 or 10 flies of each 
and 
sex were scored /in the O,te lines. 
A two-way analysis of variance, sex by line, was 
performed for each character, one recombinant class at 
a time.. Since on no occasion did the 2 sexby lines 
interaction item account for more than 55% of the total 
sum of squares, usually also being insignificant, all 
further analyses were performed on the mean of the two 
sexes. The analysis of variance also indicated whether 
or not there was a significant genetic component 
involved in the difference between lines, the 
investigation only continuing if the line component was 
significant. 
- 	
For those characters for which material was collected 
on different occasions a three-way analysis of variance, 
line, sex and replicate, was performed. A correction 
factor was derived from the 'line by replicate' inter-
action component, for each bristle character. The 
correction factor which was 1.5 for sternopleurals and 
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and 2 for subprimal and oceilar bristles, represented the 
extra variance due to collecting from different vials 
and on different occasions. On each occasion-usually 25 
flies of each sex were collected, from more than one 
vial, thus there was an extra source of variation from 
vials. The purpose of the Correction Factor was to 
allow for this extra error variance. The Correction 
Factor was derived as a mean value from all' replicate 
experiments for each character. The estimates of 
error variance were corrected using these factors, 
reducing the power of detection but providing a better 
estimate-of the error term. 
The Least Significant Difference.(LSD) was an 
insufficient test for significant differences when 
testing the differences between many means in pair-
wise comparisons.. It did not allow for the increase in 
probability of finding significant differences due to 
the increase in number of pai'rwise comparisons with 
increased number of means. The chance of finding a 
significant difference was increased by the number of 
comparisons made. 	 - 	 - 
- The'Studentized Range Test, (see Snedecor and Cochran, 
1976 p.272) was used to replace-the LSD test when testing 
several means at a. time. This method allows for the-, 
failing of the LSD and re-establishes the significance 
level at the 95% confidence limits, differences having 
to be greater to be significant. 
rn 
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Newman. (1939) and Keuls (1952) suggested a sequential.2 
variant of the Q method which is more powerful (Hartley, 
1955), and it was this test which was used in the present 
investigation, tables being readily available (Harter, 
1960). 
The recombinant line mean scores were arranged in 
increasing order of magnitude for the Primary character. 
The first and second mean values were then tested using 
the Newman-Keuls method. 
o'..o5= max Xmin )/' 	-4 D = Q005. SRX  
05 was taken from the tables and was determined by the 
number of means being compared and the degrees of freedom 
for each. S was derived from the analysis of váriance 
being the square root of the corrected error variance 
divided by the number of flies per line. D is the 
maximum difference, or range, permissable at the 5% 
level of significance. 
If they were not significantly different from each 
other the first and third values were compared, and so 
on until the difference becomes significant. This 
group was then divided off, as shown in the figures by 
encircling lines, and the process repeated using the 
next mean as if it was the first., in some cases there 
• • was' a good reason toorder the lines differentlyor 
example in the C 2 section after the recombinant lines 
had been typed for Esterase-6. The line scores were so 
arranged that the solution given allowed for the extra 
information, i.e. so that it was not necessary to incur 
53. 
negative effect on the positive chromosome. For example 
if 'the highest scoring C 2 st not se recombinant line 
which carried Esterase-6
S  had a sternopleural bristle 
score significantly higher than that of the lowest scoring 
• C 2 st not se line which carried Esterase-J, this would 
have -indicated non-complementarity or insufficient strict-
ness of the statistical test. Another such example was 
that of the comparison Of the 'parental' and extreme 
recombinant, scores. 
Where collected th"secOndry bristle characters 
were also used to help in the ordering of 'the lines in 
such a way that the final format produced the minimum. 
number of factors. The difference between group means 
• provided an estimate' of the detected factor, and the 
number of means in each group provided an estimate of the 
• location.' The wholesection!andrüsecaparental 
bristle scores were also used in the detection process. 
Since 'each group was isolated using Q005 ,. the 
method is highly conservative. Each,group is'hypothesized 
to be - an homogen-ous group of scores of the same effect, 
each group encompassing the scores within the 95% 
confidence limits.. However since all groups are 
separated at the same likelihood level of 5% the overall 
probability must be less than this, and more factors 
actually present.  
• Scutellar bristles were analyzed differently,' using 
the corrected X, values of Piper (1972). Since most 
flies had a score of 4 scutellar bristles, flies-were 
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scored according to whether they had >4 and 4 
bristles and the lines compared byperforming aX 
2  test., 
This meant that not all the information was used,. the 
alternative was to assume a Normal distribution - for this 
character on this scale which was obviously incorrect. 
Scutellar bristle score was a canalised character 
(Rendel, 1968) and so does not have a Normal distribution.. 
In the Theory section I have attempted to show in 
the examples how I have 1 grouped 2 the recombinant lines 
using the bristle character scores. 
2) Theory 
Genetic factors were, isolated by the following method, 
a hypothetical model being used as an example. A hetero-
zygous ,section of upward selected chromosome carrying 
two plus factors, 1 and 3 bristles at positions 3 and 7, 
and a marker chromosome with alleles that have no score 
at these loci, was of fixed length of 10 units. The 
ends of the section were determined by two recessive 
markers a and b. The background score was 10 bristles 
and the two factors were dominant and did not interact. 
(See Diagram 14).  
As long as recombination occurs at random within the 
chromosomal section the two recombinant classes would be 
expected in the proportions shown in Table 8, assuming 
no double or higher order crossover events, and suffi-
ciently low error variances for completely unambiguous 
scores'. The distance between the factors determined the 
frequency of recombinants in each score group. 
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-i-a 	+1 	+3- 
1 	
i 	tested 
position 	.3 	4 
I. 	
tester 
a 	0 0 	b 
background. bristle score =1C 
Diagram 14. A tested chromosome carries two plus alleles at 
positions 3 and 7 with effects of 1 and 3 bristles relative 
to a marker tester chromosome which carries the recessive 
markers a and b. The background score is 10 bristles and 
the two factors are dominant and do not interact. 
Class b not a location 
- 	
- factor = from 
frequency score difference a locus 
lower parental 10 0 
30% 10 1 3 
40% 11 
30% 	14 	0 
upper parental 14 - - 
Class a not b 	 - 	location' location - 	
- factor = . from 	. from 
frequency score difference b locus a löáus' 
lower parental 	10 	0 
30010 	10 3 	 3 	 7 
4076 13 	1 3+4=7 3 
30% 	14 0 
upper parental 14 
Table 8. The expected proportions of each bristle score 
group and their interpretation. The difference in score 
between groups determines the factor size and the 
frequency of Lines within each group determines their 
locations. The interpretation of the model is correct, 
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The difference in scoresbetween the groups reflecting 
the factors' magnitudes. As long as enough recombinant 
chromosomes were collected, made homozygous, and enough 
efffort placed in estimating their scores by counting 
enough flies per line then the lines, would form unambigu-
ous groups. The two' reciprocal classes of recombinant 
lines will agree with each other and the number of 
recombinant groups minus one estimates the number of 
factors. In reality the lines may not form such easily 
separated groups, in which case the more lines collected -
the more accurate' the locations and the more flies scored 
per line ,the more accurate the estimate of' the size of 
the factors. 	- - 	 - 
The method used assumed that - there-was complementarity 
of effect, i.e. that one chromosome carried effect in only 
one direction compared to the other- chromosome. For,  
- 	example that there were only plus. bristle effect on the 
- 	tested relative to- the. tester chromosome in the above 
example. If, now-a.gene of opposite effect, a minus 
gene, -'is placed on the otherwise high scoring - 
chromosome, what will happen to - the estimation process? -  
A negative factor of -1 bristle was placed at position 
6 on the high chromosome with no effect on the tester 
chromosome (diagram 15). 
Assuming random - crossing over, the recombinant lines 
were collected, grouped and interpreted, but because 
it was assumed that complementarity of bristle effect 
still existed the interpretation was incorrect (Table 9). 
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I I 	 tested 
3 .......... 3........ •1 ........ 3 ..... ...position 
tester 
'0 	00 	b 
Model 2  





Diagram 15. Model 2 is the same as Model 1 except for the 
addition of a negative effect of -1 bristle at position 6 
The Estimate of the model is incorrect 
location 
Class b not factor = 	from 
Frequency score 	difference a locus 
lower parental 10 . 	 0 
30+10=40% 10 . tl 	. 4 
30% 11 2 7 
30% 13 0 
upper parental .13 
Class a not b 
lower parental 10 0 
30% 10 2 7 
30% 12 1 4 
30+10=40% 13 0 
upper parental 	. 13 
Table 9. The expected proportions of each bristle score 
group and their incorrect interpretation. The false 
assumption of complementarity causes an incorrect 
estimate of the effect present. 
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Now there were two indistinguishable groups with a score 
of 10, these were unwittingly treated as one group and 
the number of factors underestimated. There was still 
agreement between the two reciprocal recombinant 
classes, giving the same estimates of position and 
magnitudes of effects. Only if the negative effect was 
located near one of the edges of the section such that 
a recombinant class had a score outside the parental 
range would the departure from complementarity be detected 
and so the failure to correctly estimate the model 
realized. The value of incorporating the parental 
scores in the tables was that they provided this type 
of check as well as extra information on size and 
locations of effects. 
Now let us consider the effect of epistatic interaction 
between the two factors such that either alone scored 
as before, i.e. 3 bristles at position 3 and 1 bristle 
at position 7 but that when together their combined 
scores were 6 bristles. In this case, with the presence 
of epistasis, the factors were correctly located but a 
reciprocal difference between the magnitude of the 
estimated factors at the two loci was detected. The b 
not a data indicated that the first locus alone scores 
3 bristles, the a not b data showed that with the 
second factor also present it scored 5 bristles. 
Similarly the second factor alone had a score of 1 
bristle but with the first factor also present had a 
score of 3 bristles. The conclusion, which would be 
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correct, would be that they individually have scores of 
3 and 1 bristle, with an interaction of 2 bristles. 
Departure from agreement between the reciprocal 
recombinant classes could be used to estimate the size 
of epistatic interaction. The factor size estimates 
should be given in terms of with and without other 
factors, where possible. Davies (1971) described his 
effects both with material to the left and to the right 
of located factors. 
As long as there was complementarity of bristle 
effect and sufficient effort placed into the scoring of 
enough flies from enough lines a correct interpretation 
of the model could be derived. Epistasis if present 
can be accounted for if both recombinant classes were 
collected. Failure of the method due to lack of 
complementarity would only be detected if the opposite 
effect was of sufficient magnitude and located sufficiently 
near the edge of a section to cause recombinants to score 
outside the parental range. 
Let us consider another character having activity 
distributed over the same region of chromosome. For this 
secondary character there has been no direct selection and 
so there may be effects of either direction present on 
both chromosomes. For example let us consider that there 
were factors of 5 and 4 bristles at pOsitions 2 and 7 
for the primary bristle character (whichi-as been selected 
for). Superimposed onto this were factors of 1, 2 and 3 
bristles at positions 1, 5 and 9, for a secondary 
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character which had not been selected for. Let the 
background scores be 10 and 2 respectively and the 
marker chromosome carry alleles of no effect at all loci 
(diagram 16). A correct interpretation of the model was 
derived (Table 10). 
What happens if the secondary character factors were 
not all of the same direction? A secondary character 
factor of -1 bristle was placed at position 6 in Model 
3 to - produce Model 4 (diagram 17). In this case the 
- factors were correctly located by virtue of using the 
primary character scores to order the classes and 
groupings within the secondary character scores (Table 
11). However, this may not always be so. For example 
if another secondary factor of -1 bristle was placed 
at position 3, an ambiguous interpretation resulted, 
the original-model would not be correctly detected 
(diagram 18 and table 12). This was because two groups 
of recombinants would have the same score and this 
would be undetected. Although the correct model was 
not derived from the interpretations produced, the number 
of factors involved in each character was correctly 
estimated. A complicated enough model could disturb 
even this, the one remaining estimate that would remain 
would be of a minimum number of factors, though the size, 
direction and location of the secondary character factors 
may be incorrect. As long as complete complementarity 
of the primary character factors remained then they 
would be correctly interpreted. 




+a 	..................+4. Primary character 
—4 I I 	 I 
+1 +2 	 +3 	
Secondary character 
position 	1 2 	5 7 g 
the 
background scores are 10 for/primary character and 2 for the 
secondary, character. 
Diagram 16. The primary character that has been selected for, 
has its factors shown above the line and those for the un-
selected secondary character are shown below the line. The 
background scores are given as are the positions of the factors. 
The model is correctly interpreted. 
Locations 
Class b not a Score Factors . 	 from a locus - 
frequency 




2 0 1 2 0. 
lower parental 10 2 
10% 10 2 0 0 
10 .10 3 1 1 
30 	. 15 3 5. 12 
20 15 5 2. 5 
20 19 5 4 7 
10 19 8 
upper parental 19 8 0 0 
Class a not b 
lower parental 10 2 
10 10 2 0 0 
20 10. 5 3 	 9... 
20 14 5 4 7 
30 14 7 2 	 5 
10 19 7. 5 2 
10 19 8 1 	 1 
upper parental......... 19....... 8 0 0 
Table 10. The expected proportions of each bristle score 
group and correct interpretation of the Model. 
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Model 4 
+A- 	45'' - 	 +4 	 +b Primary character facto. 
+1 	 +2 -1 	 +3 	Secondary character fact' 
	
positions 1 2 	 5 6 7 	9 
Diagram 17. Model 4 is the same as Model 3 with the addition of 
a factor of -1 secondary character bristles at position 6. 
Background scores as before. The tester marker chromosome 
-carries- alleles- with no effect. 
- 	 Locations 
C]a'ndt'- Score 	Factors 	from a locus 
- p frequency -- 	1 	2 1 	2 - 1 	2 
lower parental 10 2. 
- 100/0 10 2 0 0 
10; 1 10 3 1 1 
30 -15 3 5 2 
10- 15 5 2. - 5 
10 15 4 -1 6 
20 19 4 4 7 
• 	10 197 , 3 9 
upper.... ar en tàI........... 9...... - 	. 
Locations 
CIas------- nbtb - Store .......Factors ....... tom- iocus 
.....................frequency 0
....... .1 0 2 





lower parental 10 2 
10% 10 2 0 0 
20 •1' 5 3 - 9 
- 	10 14 5 4 7 
10 14 4 -1 6 
- .30 1q 1 6 2 5 
10 19 6 5 2- 
10 	- 19 7 1 1 
upperparental ------------ 19--------- 7---------------------------------------------------------- 
- 
Table 11. The expected proportions of each bristle score-
group. The Model is correctly interpreted despite a 
negative secondary bristle character factor. 
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Model 5 
primary character fact 
+1 	-1 	+2-1 	 +3 
	
secondary character fact 
	
position 1 2' 3 	5 6 	7 	9 
Diagram 18. Model 5 is Model 4 plus a negative factor of -1 
bristle at position 3. As before the background scores are 10 
fqr the primary character and 2 for the secondary character. 
The tester chromosome carries alleles at these loci with no 
effect:.on the character. 
Class b not a 	Score 	Class a not b 	Score 
frequency 10 20 - 	frequency 10 20 
lower parental 10 2 lower parental 10 2 
10% 10 2 1(Y% 10 2 
10 10 3 20 10 5 
20 15 3* 10 + 10= 20 14 5* 
10 15 4* 10 14 4* 
10 + 10= 20 15 2* 20 14 6* 
20 19 3 10 19 5 
10 19 6 10 19 6 
upper parental 19 6 upper parental .19 . 	6.. 
Table 12. The expected proportion of each bristle group. (*) 
Those groups with an asterisk/cannot be unambiguously 
ordered and so the interpretations are ambiguous ) in fact in 
this particular situation all are incorrect. 
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when one of them has been selected for and so complementa-
rity assumed, then as long as the situation was a simple 
one it could be correctly interpreted. However, the 
situation could be complicated to such a degree that the 
minimum amount of information that can be treated with 
confidence is that of the minimum number of factors for 
the secondary characters. Failure of the assumption of 
complete complementarity would seriously alter the results and 
only an estimate of the minimum number of factors influencing 
the primary character could be gained. It was hoped, that 
by scoring secondary characters, mors confidence 
could be placed in the primary character interpretation, 
perhaps even being able to increase the minimum number of 
factors involved in the control of the primary character. 
This was because in an experiment of this nature the lines 
rarely formed non-overlapping groupsin which case the 
secondary characters may help in the grouping of the 
lines enabling a more sophisticated interpretation. 
Unfortunately 1 as will be seenthis tended to work-in the 
opposite direction. Instead of using the secondary 
characters to order the primary character grouping it 
worked in reverse such that lines were grouped firstly 
according to their primary character and secondly into 
secondary character groups. In the present study the 
primary characters were sternopleural bristles in the 
first experiment and ocellar and sternopleural bristles 
in the 'second experiment. In both experiments sterno-
pleural, ocellar, scutellar and subprimal bristles were" 
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positively 
scored. The subprimal bristle scores were/correlated with 
sternopleural bristle scores indicating either pleiotropy 
or linkage of complementary factors. Subprimal bristle 
evidence lent weight to the line ordering from sterno-
pleural bristle data. 
Subprimal Bristles 
Subprimal bristles do not appear to have been described 
in the literature. They consisted of a group of micro-
chaetae located under the first pair of legs on the 
sternopleura but quite separate from the sternopleural 
bristles. They were difficult to count as the fly had 
to be anaesthetised to a specific extent so that the 
legs were held at a convenient angle to allow scoring. 
Alternatively a fine brush could be used to push the 
legs aside. They proved to be a very useful secondary 
character, indeed only plus subprimal factors were 
found on the high sternopleural bristle chromosome, C. 
Scale 
The correct scale of measurement was the one on which 
the effect of a given gene substitution was always the 
same. It has been assumed in this study that gene 
action was additive, within a section of chromosome, for 
bristle score, when estimating factor sizes. It would 
appear from the results that gene action was often multi-
plicative, especially between chromosomal sections. 
Robertson (1970b) suggested correcting for this,for 
sternopleural bristle score,by transforming using Ln(S - 4) 
(S = sternopleural bristle score) which largely corrects 
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for the increase in variance with increase in mean. The 
subtraction of 4 from the score representing a correction 
for the largely invariant pairs of macrochaetáe on each 
side of the fly. He presented evidence of the difference. 
in effect of a genetic substitution of high and low 
scoring X chromosomes into different backgrounds, which 
was largely corrected for by the logarithmic transform-
ation. 
The effect of a genetic substitution. of an increasing 
gene into an already high scoring line would be very 
much greater than into a low scoring line. Transform-
ation of the score can remove particular kinds of 
epistasis. When referring to the size of a gene the 
genetic background should also be given. In the present 
study it was not considered to be worthwhile to alter 
the scale of measurement, as the ranges over which the 
data was compared were narrow, the greatest being about 
10 sternopleural bristles during the investigation of 
the second section of the C third chromosome (3-26 to 
44 cM). No attempt was made to transform any of the 
other bristle characters either, though information was 
lost by reducing the scutellar bristle scores into two 
classes, > 4 and K,4. 
5) Simulations 
Thompson and Kaiser (1979) have simulated polygeñic 
effect detection under various conditions and found that 
even a single segregating locus can produce a phenotypic 
distribution essentially indistinguishable from that 
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produced by hundreds of loci. Their simulations enabled 
estimates of the minimum relative magnitude of polygenic 
effect that can be detected under various conditions. 
Robertson (personal communication) has also simulated 
quantitative characters. In his simulations the effects 
were determined by random sampling fràm an exponential 
distribution of gene effects of specified average 
magnitude. These effects werethen located on a 
chromosomal section at random, the section being of 
fixed length and with a fixed background score. Cross-
over events were determined at random between the 
chromosome carrying the effects (always of one direction 
relative to its homologue) and a chromosome without 
effect. The recombinant chromosome was converted to a 
Phenotypic score by the addition of a variable sampled 
from a random normal deviate of given variance. The 
variance of the random normal deviate simulates the the 
amount of progeny testing. In this way it would be 
possible to determine the influence of changes in average 
gene size, number of recombinants and degree of progeny 
testing on detection success. 
When the statistical method used in this investigation 
was applied to the output from the above simulation it was 
found as expected that the real number of loci involved 
was being underestimated. For example with an average 
10 loci of average effect 1 unit and a standard error 
of 0.25, the method used detected only about'5factors 
when 20 recombinants were collected. It was clear from 
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the simulation work that small effects were being grouped' 
together and estimated with fewer larger effects; the 
technique did not appear to detect loci that did not 
exist. 
6) Some Problems with the Technique 
McMillan and Robertson (1974) in a key paper pointed 
out two sources of error in polygenic loci detection. 
The detection of loci that do not exist and the 
accumulation of many small loci's effect into a major 
locus. They asked the question "how large may the 
effects be which are hidden in groups, of chromosomes which 
are not significantly heterogeneous?". A limit to the 
precision of the method of locating polygenes was 
presented by the probability of small effects of the 
wrong direction being fixed in the tester and tested lines. 
They showed that the optimum design of an experiment 
concerning how the effort should be distributed between 
the number counted per recombinant line and the number 
of recombinant lines 1 was dependent upon the proportion 
of the distance between the marker and the first major 
locus, of the smaller locus being considered. Since 
this proportion would usually, be unknown, little guide 
can be given to the optimum design, other than that 
the sensitivity of the method was highest at an inter-
mediate value of number of recombinant lines. They 
made empirical estimates, by random sampling from a 
uniform distribution of effects of given range and 
additional random errors, of the total effect necessary 
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to give heterogeneity at 'the 5%' level in 9076 of occasions. 
An effect may not be detected as an independent entity 
because of the lack of a crossover separating it from a 
near-bye effect, or because it was too small and so was 
grouped with another effect(s). They indicated serious 
sources of error and the a priori difficulty in 
predicting optimum experimental design. This last point 
may reinforce the precautionary step. of making a small 
preliminary investigating experiment prior to a fuller 
investigation, it was in this light that I thought of 





The line means of each recombinant class were 
arranged in increasing order of magnitude of their 
primary (sternopleural) bristle score. The 'Studentized 
range test 1 was then applied and the lines separated into 
groups - the differences between group means indicating - 
- the estimated size of the factors and the number of lines 
per group indicating location estimates. Within this 
framework of primary character groups the lines were 
then.arranged according to their secondary bristle 
characters..- 
This was done in such a way that the final order,-
ing of the lines produced the fewest total number of - 
factors controlling all bristle characters (see Theory 
Chapter). Often there was no unambiguous interpretation, 
in which case the most 2 likely 1 interpretation was 
presented. If the extra information from the secondary. 
characters indicated a 'better' division into groups 
of the sternopleural line means without necessitating 
either extra sternopleural groups or an opposite effect 
on the selected chromosome, then this was made use of. 
The ultimate order of lines was that which gave the most 
likely result and the minimum total number of factors. 
Lines have been drawn around the separated groups on the 
figures (1 to 109). 
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The results are presented in figures 1-to 109 
(and in Appendix A) with the main bristle character 
plotted on the X-axis and each of the secondary bristle 
characters in turn on the Y-axis. It should be remembered 
that the main bristle character, be it sternopleural and/or 
ocellar bristle score, was used as an indicator of the 
position of the bristle effects within the chromosomal 
section being examined. (Recombination events are 
assumed to occur at random within each section). In the 
sternopleural bristle experiment the sternopleural 
bristle score was used to indicate the amount of C 
chromosome carried by each recombinant and therefore 
the approximate position of the crossover event that gave 
rise to it. This of course depends upon the assumption 
that the C chromosome carries only positive sternopleural 
effect differences compared with the ruseca chromosome. 
Each section was examined, in a sense, twice with 
the reciprocal class of recombinants being also collected 
in each case. For example in Fig.9 the scores of 
material from section 2 which carries st but not se and in 
Fig.16 the reciprocal class which carries se but not st. 
In Fig.9 the increase in sternopleural score, from left 
to right, represents a similar distribution, left to 
right, of effect within the chromosomal section. A 
difference in score, indicating a genetic factor, 
towards the right of the figure actually represents a 
similar position on the C chromosome section. Fig.16 
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on the other hand is the other way around (mirror image), an 
effect towards the right of this figure indicates a factor 
located towards the left of the C chromosome section 
(Diagram 19). 
+se st 
se 	 +st 
Diagram 19 
St not se material - the higher the 
sternopleural score the further towards 
St the recombination - event and the loca-
tion of effects within the section. 
se not St. The higher the sternopleural 
score the further towards the left of the 
- section the effect and recombination event 
that gave rise to that recombinant line. 
One fact, that should be pointed out, resulting from 
this approach is that a genetic effect located towards the 
edge of a section will be detected twice, once in comparative 
isolation (lower scoring background) and once with most of the 
extreme chromosome from that section (higher scoring background). 
A centrally located factor influencing the middle of the range 
scores would be examined in a similar scoring background giving 
less chance of detecting interaction, the scale being the same. 
II. Sternopleural Bristle experiment 
In order to get some idea of the distribution of effect 
on the high. sternopleural C third chromosome, a number of 
recombinants were collected; flies carrying progressively 
more high 2C 2 chromosome and less low ruseca chromosome. 
This was performed from both ends of the chromosome and the 
results are shown in fig.l. Between 2 and 6 recombinant 
lines were collected from each section (Appendix Table A). 





FIGURE 1. Sternopleural bristle score plotted against mean position of crossover location 
- giving rough guide to distribution of effect and epistatic interactions. 
'' from left to right indicate the increase in score with progressively more 'C' 
chromosome and so less ruseca chromosome starting from the right hand end of the C chromosome. 
'X' from right to left indicate the progressive increase in bristle score with increased 
amounts of 'C' chromosome, starting from the left hand end of the C chromosome. 
Obvious points to note are (1) the importance of the se-st section, (2) the presence of 
effect in the e to ca and ye to se sections only being detected through their interaction 
with the rest of the C chromosome. 
FIGURE-1-to FIGURE 109. 	All figures have the recombinant mean values represented by a 
triangle () whilst the ruseca parental scored is represented by an asterisk (*) and the 
other parental score by a small circle (o). 	In addition the standard error of the line 
means ( Si) and bracketed minimum number of factors detected are given on the axes. The 
scores are grouped into homogeneous scores as represented by the boxes acccrding to the inter - 
pretation decided on using the Studentized Range Test. 	The factors' size and locations are 
inferred from the groups so formed, the data is given in tables in Appendix A. 	It should 
be remembered that all four bristle characters were considered when dividing the recombinant 
lines into groups, in such a way that the eventual interpretation was that which will produce 
the fewest factors when all charicters were considered. The dashed line represents lines 
grouped for the y-axis character, solid lines for the x-axis character. 
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3tandard background and represent the homozygous score of 
the isolated chromosomes. Differences in score between 
lines of flies of the same phenotype indicate variation 
within the section that the crossover had been allowed to 
occur. The increase in score from section to section with 
progressively more high C chromosome also indicated the 
rough location of effect. Non reciprocity between the 
lines implied interaction. 
Most of the effect was located between se and sr, 
sections 2 and 3. There were also sizeable effects between 
ru and se (section 1) and between e and c (section 5) when 
the rest of the third chromosome was C; neither sections 
having any effect when the rest of the third chromosome 
was from ruseca. These two sections (1 and 5) have 
effects which are only detectable through their interaction 
with the rest of the high C chromosome. There did not 
appear to be much effect associated with the section 
from sr to e (section 4).. There was good agreement between 
the findings and the scores of each isolated section (p.3) 
except for section 15. 	It was decided to study the first 
three sections first and subsequently the fifth section 
in the presence of the second section from C. 
1) Section 1 +'-  +
se (0 to 26 cM) 
This section of high C third chromosome was 
examined on three separate occasions, each time the same 
original C chromosome was used. Firstly only sternopleural 
subprimal 
bristles were counted, secondly sternopieural,/ocellar and 
scutellar bristles were scored. On the Arst two occasions 
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the same isolated section of C chromosome was examined, 
on the third occasion the first section was examined with 
the rest of the third chromosome being from C. 
a) First Occasion 
se not ye. 50 flies of each sex were - scored 
for sternopleural bristle number per line; 20 recombinant 
lines which carried se but not ye were collected. The 
scores are shown in Appendix table A2. They all had a 
low sternopleural bristle score but had too great a range 
for form an homogeneous group, implying a large effect at 
or very close to the se locus and a further small effect 
within the section. It would be guesswork to attempt to 
locate the latter within the section from this data but 
two extreme examples are shown in Diagram 20. - 
ye not se. 50 flies of each -'sex were scored 
for sternopleural bristle number per line; 33 recombinant 
lines which carried ye but not se were collected. All 33 
lines had a high sternopleural bristle score, similar to 
the high parental score (the 1/1 homozygous score), and so 
formed the complementary reciprocal result to the se not ye 
lines. Again, the range of the lines- was too great to be 
accounted for by a single gene, implying a small effect 
within the section. There was no unambiguous way of 
locating the latter within the section; two extreme 
examples are shown in Diagram 20 along with an estimate 
of the large effect associated with the se locus. 
On this first occasion a total of 53 recombinant 
lines, had been isolated and made homozygous, from this 
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section. Despite this it was not possible to separate the 
large effect detected from the se locus. It would seem 
therefore that there was a sizeable effect associated with 
this site, either at or very closely linked to it, unless 
the backcrossing with selection had not been successful in 
removing 'contamination' effects to the right of the se 
locus. 
b) Second Occasion 
i) se not ve. All four bristle characters were 
counted on 25 flies of each sex for each line, plus an 
extra 25 flies of each sex, for just sternopleural 
bristle number, on those lines that had had extreme 
sternopleural scores after the first count. 31 recombinant 
lines carrying se but not ye were collected (Appendix Table 
3A; 	The sternopleural bristle scores were similar to 
those of the previous examination of this section. One 
difference was that the ruseca score was more towards the 
lower extreme of the recombinant lines' distribution, 
supporting the earlier finding that there was a small 
effect within the section and a large effect at the se 
locus. 
Sternopleurals. All the lines had a low sternopleural score, 
similar to but mostly slightly greater than that of ruseca. 
Their spread was, however, too great to be that of an 
homogeneous group indicating an effect within the section. 
A recount of sternopleural bristle scores was performed 
in the extreme sternopleural bristle lines which 
confirmed that the differences were .real. 
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Ocellars (Fig.4). All 31 recombinant lines had ocellar 
bristle scores lower than that of ruseca, ranging down to 
just below that of the +ve_ +se parental score. This 
would indicate a low ocellar bristle effect within the 
section, since the recombinant line scores were over too 
great a range to be of an homogeneous group.. There was no 
obvious gap in the distribution and no strong correlation 
with sternopleural bristle scores. A single effect of -½ 
bristle located centrally would be adequate to account for 
the, data. 
Subprimals (Fig.3). All the recombinant lines had low sub-
primal bristle scores similar to that of ruseca, with a 
small enough range in scores for a single large bristle 
effect of about 3½ bristles associated with the se locus 
being the only effect required. 
Scutellars (Fig.2). As with the previous bristle characters, 
all 31 recombinant lines had a low score similar to that of 
ruseca but tending to be slightly greater than that of 
ruseca. . The data implied a small effect within the 
section as well as a large effect associated with these 
loci. One possible interpretation of the data would be to 
have an effect of about 3/4  bristle at the se locus with a 
smaller effect of about 1/5  bristle just to the left of 
this. 
ii) V 'i-  iótsé. All four bristle characters were 
counted on 25 flies of each sex for each line, plus an 
extra 25 flies of each sex for just sternopleural 
71a. 
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bristle number on the extreme lines, 20 recombinant lines 
carrying ye but not se were collected. 
Sternopleurals. There was good agreement in sternopleural 
bristle score with the previous experiment, all recombinant 
ye se 
lines having a score similar to but less than the + - + 
parental' score. A reciprocal pattern to the se not ye 
recombinant lines was thus observed. The range in scores 
was narrow enough for a single effect implying only one 
effect within the section associated with the se locus. 
However, the repeated measurements showed that the 
differences in sternopleural bristle score were real and 
so there must be activity for this character within this 
section, even though it was not detected by these lines 
on this occasion. 
0cllars (Fig.6). A reciprocal complementary pattern of. 
ocellar bristle scores to that of the se notve lines was 
observed. Their range was too great for a single effect, 
the lines thus forming an heterogeneous group. A single 
effect of -½ bristle located centrally would be adequate, 
though the data was consistent with this effect being 
• placed more or less anywhere, within the section, including 
at the same site used in the se not ye data interpre-
tation. 
Subprimals (Fig.5). All 20 recombinant lines had a score 
similar to the *+ye se - + 	parentalscore, forming an 
• ' homogeneous group, implying just a single large effect 
ye se 
of about 3½ bristles at the se locus. The + - + 
72a. 
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73 
parental' score was reasonably central providing evidence 
of no other effect for this character within this section. 
Scutellars (Fig. 7). All 20 recombinant lines had a 
score similar to that of rusecá and to that of the 31 
se not ye recombinant, lines. These then were not the 
reciprocal scores expected, since no recombinant lines 
appeared to have a high scuteilar bristle score similar 
to that of the ye ~ - + 
se parent'. There are two 
possible explanations for this. Firstly the '+
ye 
 - + 
se 
parental' score may have been inflated, by having been 
counted ata different time, by some unknown environmental 
factors.. Or, secondly, there may have been an interaction 
between effects at or very closely linked to the ye and se 
sites. - Only when both were present would - the scuteIlar 
- 	 -. 	
-. 	 to 	ye' 	 .- 	 - bristle score increase/the '+ - +se parental level. 
This would be a very specific interaction as both these 
hypothetical effects would -be undetected when present 
alone, and very effective when both were present. Repeat 
se measurements were made of the ,+Je_ + parental 
chromosome to check the repeatability of its scutellar 
bristle score; which remained high and so appeared real. 
Whilst this tends to lend" support to the second 
explanation some doubt must remain asthe repeat 
measurement would also not be 'a contemporaneous one. 
To summarise, there was very good agreement 
between the two reciprocal classes of recombinant lines, 
except 	in the case of scutellar bristle scores, . 
74. 
and between the sternopleural bristle scores on the 
different occasions. There appeared to be an effect 
associated with the se locus which had a large effect on 
sternopleural bristles ( 5 bristles) a large effect on 
subprimal bristles (3½ bristles) and possibly an effect 
on scutellar bristles. There was a further small sterno- 
pleural effect (½ bristle) within the section as well as a 
negative ocellar bristle effect (-½ bristle). The scutellar 
bristle situation was confusing, there appeared to be some 
effect within the section and possibly an interaction 
effect between the two marker sites, at veand.se.- The 
exact locations of effects within the section was made 
difficult by the similarity in scores between the lines 
of the same 'recombinant class, some of the effects being 
only just statistically significant and thus detectable. 
The scoring of the secondary characters did not provide 
a means of further splitting the lines into separate 
groups as had been hoped. A total of 104 recombinants 
failed to separate the large sternopleural effect from 
the se locus. A summary map-diagram of the section is 
presented (Diagram 20). 
c) Third Occasion 
In a further attempt to locate sternopleural 
bristle effects within the first section recombinant 
lines were collected which carried the C chromosome at 
all sites except for the left hand end having lost 
recombination being allowed in only the first section. 
Oc. N -.5 
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DIAGRAM 20. 	Shows hypothetical map locations of bristle effects detected. 	Whilst not the only 
possible locations and sizes these are the ones that give the siriplest interpretation 
of the data. 
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These lines were ye plus varying quantities of ruseca in 
the first section and otherwise C in origin. It was 
hoped that the small sternopleural effect detected in the 
previous experiments would be 'magnified in effect to 
such an extent that it would be more easily located. 
i) C-ye. (Fig.8). 50 flies of each sex were 
scored for sternopleural bristle number and 10 flies of 
each sex for subprimal bristle number, for each line; 7 
lines which were ye being collected (Appendix Table A4). 
The high scores of these lines resulted in an increased 
error variance. Nonetheless, even though only 7 
recombinant lines were collected, the data indicated 
that there were at least two factors within the section. 
These factors must be detectable though their interaction 
effects with the rest of the high C third chromosome. 
Two effects of sizes 1 and 2 sternopleural bristles 
within the section would be adequate, neither of which 
could have been the hypothesized effects at the. se and ye 
loci. No significant subprimal bristle effect was 
detected. The evidence from this investigation was that 
there were at least two factors within the first section, 
rather than just the one detected in the first two 
investigations. 
d) The se locus associated effect 
- 	 A se h st stock wasused to investigate further 
the sternopleural bristle effect associated with the se 
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76. 
sternopleural background and otherwise low third chromosome. 
The technique used takes advantage of the close linkage 
between se and h to map more precisely any linked effects. 
A C 1 ye not se recombinant (line 12) female was crossed 
with a se hst male. The female progeny were backcrossed 
with the sehst male and the se not h male progeny 
collected and crossed singly IoTM3/wild-type heterozygous 
females. The 1143 progeny which were e crossed to each 
other and so the recombinant chromosome made homozygous 
before being scored (diagram 21). The complementary class 
of recombinan -ts, h but not se, were not collected because 
of the additional complications of having h present when 
scoring bristles,as it greatly increased the bristle 
score. The results are given in Table 13a. 
3 se not h male flies from over 600 male flies 
examined, were recovered, agreeing with the expected 
crossover rate between two markers 0.5 cM apart, with 
scores insignificantly different from each other. 
Their score was about 19 bristles indicating that some 
but not all the effect associated with the se locus 
can be separated from it. The evidence seems to be 
for an effect of about 2.7 bristles to the right of the 
se locus. A sizeable effect, estimated to be about 
3.5 and 3.9 bristles was detected just to the right of 
the se locus, at approximately 26.5 cM (the h locus), 
during the investigation of the second section. This 
effect was hypothesized to be the same, the difference 
I 
+ve seh St 	 ye +Se 	St e 
x 
\e +Se +h St e 
x  
ye se h St e1/\\ve  se h St 
+ve se h St +e 	&l+ve se  St +e 	 T 
• x 
ve +Seh st+e 	+ve se +h st e 
let 	 T 	'x 	
:e 
e l e 
+ve se +' St '+e 
score 
+ve se +ht+e 
DIAGRAM 21. 	Breeding programme for manufacture of 'se 
not h' recombinants. 	If these have gained sternopleural 
bristle effect this would indicate effect to the right of 
the se locus. The reciprocal class of recombinants 'h 
not Se' were not collected because h itself greatly in- 
creased the bristle score. 	 - 
7". 
ye 	 e + sehst+ 
+ve se h St +e ________________ 	 +h St e 
76b. 
line 	Sternopleurals 	Difference from ruseca 
ye se (line 12) 	23.26* 	 6.92 
'ruseca' 	 16.34 	 - 
'se h st' 	 33.86 	 17.52 
recombinants 
se St 1 
se St 2 
se St 3 
+ve +se (1) 
se St (2) 
se+ St  (2) 
19.39*) 
) 













*n = 75 e. s. 
TABLE 13A. Chromosome scores relevant to the sternopleural 
bristle effect associated with the se locus. 
77. 
- 	in size being due to the difference in time and isolation 
process. 
The most likely interpretation of the effects would 
seem to be that there is a sizeable effect of about 2.7 
bristles located at the Ii locus, a large effect of about 
2 bristles within half a centixnorgan and to the left of the 
se locus and a further effect(s) of about 1 1-2 bristles within 
the first section. The factor to the left of se was removed 
during the formation of the second section, but the factor 
at the h locus must have remained during the formation of 
the first section. The factor to the left of the se locus 
must be tightly linked to it as it was not separated 
during the formation of the 104 recombinants collected 
from the first section. The C ye data indicated that there 
must be at least two factors within the first section which 
are more easily detected through their interaction with the 
rest of the C chromosome. 
e) Theve locus associated effect 
Again anticipating results not yet given, a further 
sternopleural bristle effect was detected in the region, at 
or close to the ye locus. The C and ruseca chromosome did 
not appear to differ at this site, but the N41 low ocellar 
bristle third chromosome carried a negative effect of 
approximately -0.9 bristles, when homozygous, compared 
to rUSeCa (Table 13b). This may be an allele at the 
fap locus (see Robertson, Briscoe and louw, 1977). 
77a. 
TABLE 13B. 
ruseca/ruseca 16.19 	- 
Dseca/ruseca 15.44 	-0.75 
Dseca/Dseca 15.29 	-0.9 
D is the left end of N41(ve locus) shows dominant 
negative sternopleural effect associated with ye locus 
- maybe 'fap'.. 
f) Summary of section 
There would appear to be at least four sterno-
pleural bristle factors within the first section plus 
another effect at the h locus which was isolated at 
the same time. An effect of 2 bristles was hypothesized 
to be located just to the left of the se locus, there 
Was a site at or close to the ye locus and at least two 
factors within the section. Negative ocellar and 
positive scutellar bristle effects would also appear to 
be present, but no meaningful locations could be 
derived. A sizeable subprimal bristle effect was found 
to be associated with the sternopleural bristle effect 
at the se locus (Diagram 22). 
2) $e&tiön2, se to St (26 to 44 cM). 
Piper (1972) had already examined the section of 
a third high sternopleural chromosome and some data 
collected by D. Briscoe whilst at Edinburgh in 1973 was 
also made available to me for analysis. This section of 
the C chromosome appeared to carry a concentration of 
sternopleural bristle effects and so an attempt was also 
made to locate effects by the alterations in the erno-
pleural bristle patterns. 
a) st not se. 25 flies of each sex were scored 
for sternopleural, scutellar, subprimal and ocellar 
bristles per line; 51 recombinant lines which carried 




+1 	 +2 	 +2 	+2.7 
ye 	 se h 
00 26cM 26.5cM 
Hypothesized distribution of effect associated with the 
first section of C. 
79. 
each sex were scored for just sternopleural bristle •number. 
51 recombinant lines were assayed for their Esterase-6 
type, 34 were slow and 17 fast compared with an expectation 
of 30.6 slow and 20.4 fast, the disagreement being 
insignificant. 
Sternopleural bristle score (Appendix Table A5). The data 
indicated that there were at least 5 factors in this 
section, including the large effect of over 312- bristles 
just to the right of the se locus. The remainder of the 
data was sufficiently ambiguous for many interpretations; 
one is given here and it should be remembered that this is 
not a proven interpretation. The data can be accounted 
for by five factors placed across the section, four with 
effects between 1.1 and 1.9 bristles. 
Surimal bristle score (Fig.9). A large subprimal effect, 
given the symbol sp was detected within this section, 
estimated at 312- bristles and located at 3-32.7 .i. 1.2 cM. 
This and the Esterase-6 locus were used for giving more 
•accurate locations to the crossover events during the 
formation of recombinant chromosomes. The Esterase-6 
S 
recombinant lines were further subdivided into two sub 
groups according to whether or not the carried aR 
(Esterase was plotted to be at 3-38.0 ± 1.2 whereas 
itts known to be at 3-36.8). There was a general 
increase in subprimal bristle score with increase in 
sternopleural bristle score, indicating a preponderance 
of plus subprimal factors on the C chromosome. 
79a. 
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It was not possible to discriminate between pleiotropy and 
linkage. There were at least 4 factors controlling this 
character within this section. Apart from sp there was 
an effect associated with the sternopleural effect at the 
h locus. The remaining two factors were located towards 
the st lc±us with estimated sizes of about 11/3  and 2 
bristles. 
Ocellar bristle score (Fig.10). The range in scores was 
sufficiently great to necessitate effect for this character 
within the sectior4 at least two factors were required, the 
interpretation given being of a 
_1/4  bristle close to the 
se locus arid an effect of 
2/3 
 bristle to the left of the 
St locus. These were fairly arbitrary locations, their 
only justification being that the total number of effects 
was minimised when all information was taken into account. 
The - actual numbers and locations of effects were not 
always meaningful outside the context and constraints of 
the investigation. 
Scutellar bristle score (Fig.11). There appeared to be 
a preponderance of plus scutellar bristle scoreing effect 
ox the C chromosome within this section. However, there 
were a couple of lines with scores outside the parental 
range indicating that there must have been effects of 
both directions present. There were at least 3 scutellar 
;bristle factors within this section. More specifically 
a small positive 
1/4  bristle effect placed centrally 
3 and an effect of /4 placed close to the st locus with a 
81. 
-½ bristle effect between it and the st locus. This 
explanation requires that there has not been a crossover 
between the last two factors, which would have produced a 
low scutellar high sternopleural recombinant line in the 
se not st reciprocal class, which was not found. 
The presence of effects of both directions complicated 
the interpretations. For example it might be possible to 
alter the above interpretation by invoking one fewer 
subprimal factor, but only at'the expense of having to 
increase the number of factors controlling one of the 
other characters. The interpretation given was the most 
'likely'. By this I mean that when the distributions of 
both reciprocal classes for all characters and the Esterase-
6 -and 	typing were also considered, then the result 
seemed the most probable. 
Summary. There would appear to be at least 5 sternopleural, 
14 subprimal, 3 scutellar and 2 ocellar bristle factors 
associated with this section. There was a major sterno-
pleural bristle factor very close to the se locus, a 
large subprimal effect, M at 3-32.9 .i. 0.9 cM, and a 
concentration of plus effects for both these characters 
at or close to the st locus (Diagram 23). 
b) An investigation of the sternopleural bristle 
pattern. 
A further attempt was made to split the 
recombinant lines into different groups by examining 














Diag.23C2 	 N 
.8 -5Sè 
st 35 	 Ii 	SP 	 12 	Est 	1,2 	 19 
Ott yr 
se 	 E s t 	 : .6 
.7 	 35 	 1.3 	1.9 Sp. 
4.2 











15 2 St. 37 
Sp. 
82. 
hoped that similar results to those of Spickett (1963) 
would be repeated. The bristles were divided conceptually 
into two groups, above and below an imaginary line drawn 
between the major bristles (Diagram 24k). 25 flies of each 
sex were scored for each of the st not se recombinant 
lines (Fig. 12 and Appendix Table A6). The results were 
however'disappointing, with no obvious previously 
undetected gaps in the-distribution. This indicated that 
there were no sizeable factors having their effects 
through altering the bristle pattern in a way detectable 
by this method. It would seem therefore that the factors 
were having their effect through a general increase in 
rather 
ernop1eural bristle number/than in one specific area. 
c) Previous investigations of the chromosomal 
section 
As already mentioned Piper's (1972) data when re-
analysed also indicated that there were at least 5 sterno-
pleural bristle factors present within this section. His 
results also indicated that there. were at least 2 scutellar 
bristle factors. Some further data collected in 1973 by 
Dr. D. Briscoe wr made available to me. This data was 
of st not se recombinant lines from the same section 
of C high sternopleural line and unlike Piper's data 
had been typed for Esterase-6. 40 flies of each sex had 
been scored for sternopleural bristle number, 25 fli'es 
of each sex for scutellar bristle score, for each of 37 
se but not St recombinant lines (see Fig.13 and Appendix 
Table A7). The scores of Piper's lines are also given 
0 
ABOVE 	 3 = score above 




Diagram 24A. Sternopleural bristles were divided into two groups, 
imaginery line drawn between the pair of major bristles* 
above and below an 
st not se se not st D.Briscoe's St not se L.Piper's st not se 
Effect Location Effect Location Effect Location Effect Location 
3.52 26.7 cM 3.53 26.3 CM 3.60 26.5 cM 4.51 
1.13 31.3 0.95 30.7 1.52 27.0 1.77 29.8 
1.29 35.9 1.44 39.7 1.74 32.8 1.25 33.6 
1.24 41.5 1.11 42.0 1.54 39.1 1.78 38.3 
1.64 43.6 2.14 44.0 2.30 43.5 1.91 42.1 
TABLE 14 Sternopleural bristle estimates of approximate size and locations. 
Given the difference in source and time the agreement is good - indicating at 
least 5 sternopleural bristle effects between se and st on the third 
chromosome.. 
- 	 82b. 
Fgure 12 
op SbernLeurL catern 
BeLow 
FIGURE 12. 
25 flies of each sex for all St not se (2) 
recombinant lines were scored accordingly for the 
distribution of small bristles above and below a line 
drawn between the major bristles (for both sides) (see 
Diagram 3). 	It was hoped that there would be a 
significant change in pattern caused by one or more 
of the factors having a local effect on the bristle 
distribution, as found for IlIb and II by Spickett 
(1963). 	As can be seen from this figure there was, 
no obvious major change in pattern across the range 
covered. 	If an effect had been located it could have 
been used as a 'marker' in the same way as 
82c. 
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Figure 14. The data of L. Piper (1971) for comparison, these 






(Fig.14) and are summarised in Appendix table A7. The 
agreement between the' four sets of results was good when 
allowing for the differences due to occasion, isolation 
and grouping. The evidence seems to indicate that there 
were at least 5 sternopleural bristle factors within 
this section. 	 - 
d) se not st. 25 flies of each sex were scored 
for sternopleural,scutellar, subprimal and ocellar bristles 
per line; 54 recombinant lines which carried se but not 
st were collected (Appendix Table A8). A further 25 
flies of each sex were scored for just sternopleural 
bristle number. 37 of the lines carried Esterase-6
F 
 and 
17 Esterase_6S  compared with an expectation of 32.4 Est_6F 
and 21.6 Est-.6S.  Even when both classes are combined 
there is no significant departure from expectation. 
Sternopleural bristle scores. The data again indicated 
at least 5 sternopleural bristle factors including the 
effect of 3½ bristles at the h locus. The exact locations 
and sizes of factors were not the same as in the 
reciprocal class of recombinants, but were in fair 
agreement (see Table 15). It was not necessary to 
invoke any negative sternopleural bristle effect on the 
C chromosome. 
Subprimal bristle scores (Fig.15). 22 was again detected, 
the location being in good agreement with the previous. 
findings being estimated at 3-33.0 .i- 1.2 cM combining both 
classes this gives a position of Ms as 3-32.86 + 0.85 cM, 
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84. 
subprimal bristle factors within this section (compared 
with a minimum of 4 detected in the reciprocal class). 
There were only plus effects on the C chromosome. 
The estimates of the size effects compared with the 
reciprocal class findings were exaggerated in the left 
hand end and'reduced in the right hand end. This would 
be the expected finding if there were epistatic inter-
actions between the subprimal factors within this section. 
Ocellar bristle score (Fig.16). There was an obvious 
increase in ocellar bristle score with sternopleural 
bristle score and only one line, C23, prevented this being 
the simple result. The problem with C23 was that its 
ocellar score was far too great for its sternopleural 
bristle score. There were two possible interpretations. 
Firstly that there were two effects of about equal size 
but of opposite direction very closely linked and that a 
single recombinational event between them gave rise to 
C23. Secondly, for some reason the mean sternopleural 
bristle score of C23 has been falsely reduced by about 
11-2 bristles, perhaps.by some environmental effect. Since 
the scutellar bristle score of C23 was also observably 
different (too high) and no reciprocal pattern was found, 
the second explanation was preferred. A single effect of 
about 3/4 bristle located between Esterase 6 and thest 
locus would then be adequate. There was a hint of 
negative ocellar effect close to the se locus detected 
in the reciprocal class, but on this occasion it was not 
significant. 
85. 
Scutellar bristle score (Fig.17). Very little effect was 
detected by lines, all of them having a score not signific-
antly different from ruseca. That there was at least one 
factor within the section was obvious from the distribution 
of scutellar against sternopleural bristle score. The non-
reciprocity in pattern between the two classes of 
recombinants presumably indicated an Epistatic interaction. 
There was no indication of the large effect close to the 
stlocus detected in the reciprocal class, perhaps because 
no suitable crossover events occurred. One explanation of 
the two sets of lines was that there was a factor at or 
very close to the se locus which was having an epistatic 
interaction effect with the rest of this section. Whilst 
there was evidence for only one factor within this section, 
at least two were implicated, 
1/3  at the se locus and 1/4 
just to the right of this. If the one factor model was 
correct this would have a 0.6 bristle factor at the se 
locus. 
Summary. A map of the possible locations and sizes of 
factors detected is presented in Diagram 23. At least 5 
sternopleural, 5 subprimal, 1 ocellar and 1 scutellar 
bristle factors were required. The sternopleural data 
was in good agreement with the st not se reciprocal class 
data. Scutellar and subprimal reciprocal class differences 
will be discussed in the next section. 
e) Epistatic Interactions 
Two extra facts could be chedced by collecting 
86. 
both classes of recombinant lines. Firstly whether there 
was good agreement between the two classes, regarding 
of 
the distribution/effects detected in the sectioni;econdly 
as a means of detecting Epistati.c interactions. The 
distribution of each bristle character can be plotted on a 
transparency, for example of subprimal against sternopleural 
bristle score, for each'class separately, and then placed 
on top of each other, one of them having been turned through 
1800. The parental scores can be matched up and the degree 
of agreement between the distribution of scores indicates 
the nature of genetic control for those characters. Should 
the two reciprocal classes lie on the same line this would 
indicate that there was no interaction present, the factors 
acting. additively. Interaction will cause the two lines to 
deviate, and the size and nature of the interaction estimated 
by the deviation. 
Sternopleural bristles. These showed good agreement across 
reciprocal classes indicating little epistatic interaction 
for this character within this çomosoma1 section, the 
character being largely additive. 
Subprimal bristles. A pronounced difference in pattern of 
distribution for this character confirmed the previous 
suspicion that epistatic interactions were involved. In 
table 16 the estimates of the factors detected are listed.. 
Ir the st not se recombinant lines the high C chromosome 
carrying the increasing subprimal bristle effect would be 
added from the right, so that an effect towards the right 
end would be able to interact with high C chromosome to 
its left. The same effect in the se not St lines would be 
87. 
present with low scoring effects to its left and so would 
not be able to interact. Hence in Table 15 the st not se 
class results indicate higher effect towards the right 
hand end of the section and vice versa. The greater the 
effect already present ,the greater the increase 
by addition of a further factor. 
Ocellar bristles. The pattern of distributions between 
the two classes were similar indicating that 'there was no 
epistasis detected. The only obvious difference was that 
a negative effect was detected by the st not se class but 
although hinted at by the se not st data it was not 
significant. 
Scutellar bristles. There was a very marked difference 
between reciprocal classes for this character. A possible 
interpretation would be that there was a factor located 
at or close to the se locus which interacts with the rest 
of the effect within this section. In its absence very 
little effect is located, but when present practi'áally 
all lines have an effect. The high factor detected close 
to the st locus and low factor between it and the st 
locus detected in the st not se class were either not 
isolated by a recombinationalevent in the se not st 
class or only showed their effect when the effect at the 
se locus was present. 
f) Summary. There were at least 5 sternopleural, 
5 subprimal, 2 ocellar and 3 scutellar bristle factors 
associated with this section. No departure from comple-
méntarity of sternopleural bristle effect was observed. 
87a. 
Location se se-sp sp Est-st St Total 
Class St not se 













TABLE 15. 	Subprimal bristle factor estimates from 
the second section of C, showing the influence of epi-
static interactions. The more of the C chromosome 
present the greater the score attributed to a sub-
stitution of C for ruseca chromosome. 
88. 
3) Section 35t_sr  (3-44-3.62 cM) 
This section was examined twice, on two separate 
occasions, using the same isolated section. On the first 
occasion only sternopleural bristles were counted, on the 
second occasion all four bristle characters were counted. 
a) First Occasion (AppendixTable A9) 
sr not St. 50 flies of each sex were scored for sterno-
pleural bristle number; 25 recombinant lines which were 
sr but not st being collected. At least 3 sternopleural 
bristle factors were required, all situated in the left 
half of the section. The simplest model placed a 
sizeable factor of just over 2 bristles at the St locus, 
the other two factors being a centrally located factor of 
1 bristle and between these two factors a factor of l'4 
bristles. 
st not Sr. 50 flies of each sex were scored for 
sternopleural bristle number; 
st but not sr being collected. 
31 recombinant lines which were 
At least 5 factors were 
required to explain this set of data. The simplest inter-
pretation splits the effect at the St locus into two, one 
of 11/4  bristles at the St locus and another of 3/4 
bristle just to the right of this. The remaining three 
factors of approximately 1 bristle each can be placed 
such that two of them are in the left third of the section 
and one towards the sr locus.. 
iii) Summary. There must have been at least 5 factors 
involved within this section with the effect predominantly 
in the left half of the section. A sizeable effect was 
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associated - with the st locus (Diagram 24); 
b) Second Occasion (Appendix Table AlO) 
i) sr not st. 25 flies of each sex were scored for all four 
bristle characters per line; 20 recombinant lines which 
were st but not sr being collected. A further 25 flies 
of each sex were scored for just sternopleural bristle 
number. 
Sternopleural bristle scores. As before, on the first 
occasion, the sr not St recombinant lines.indicated that 
there were at least 3 factors involved, giving similar 
locations and sizes. The greatest difference being the 
relative magnitudes of the two left-most effects, this 
time the simplest interpretation puts the factor at the st 
locus as about 1 1-2 bristles and the factor to the right of , 
this at about 2 bristles. The effect seems to be even more 
concentrated into the left third of the section. 
Subprimal bristle scores (Fig.18). There were at least 3 
factors in this section, implicated by this data. One 
interpretation was to have factors of sizes l/4, 11/2 
and 1 bristle located close to the st locus, centrally and 
towards the sr locus. There was a general increase in 
subprimal bristle score with increase in sternopleural 
bristle score, only tplust effects being detected. 
Ocellar bristle scores (Fig.19). Only one low ocellar 
scoring line, T51, necessitated a model containing 
ocellar effect within this section. In fact it requires 
there to be at least two ocellar bristle factors, a 
positive factor of about 1 bristle immediately next to a 
£ 	oh 
89a. 
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90. 
negative factor towards the right end of the section. Alter-
natively T51.'s score had been reduced by some environmental 
effect and there was no ocellar bristle activity. 
Scutellar bristle scores (Fig.20). No scutellar bristle 
activity was detected in this section. 
ii) St not sr (Appendix Table AlO). 25 flies of each sex 
were scored for all four bristle characters per line; 13 
recombinant lines carrying st but not sr were collected. 
A further 25 flies of each sex were scored for sternopleural 
bristle score. 
Sternopi-eural bristle scores. At least 3 factors were 
required, fewer lines probably being responsible for this 
reduction. Again all the effects appeared to be located 
in the left third of the section. The simplest model 
1 	 - 
places an effect of 1 /3 bristles at the st locus w'.th an 
effect to its right of about 2 bristles, the remaining 
effect of about 11/4 bristles being located left of 
centre. 
Subprimal bristle scores (Fig.21). •Again at least 3 factors 
were required, a model with a factor of 3/4  bristles at the 
st locus, a large factor of 2/4 bristles to its right and 
a central factor of about 1 bristle would be adequate. 
These locations were not in good agreement with those of 
the reciprocal class, but with only 13 lines having been 
collected, non-random crossing over could have an 
influence on the estimates' locations.. 
90a. 
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Ocellar bristle scores (Fig.22). At least two factors 
were involved, the simplest model having a factor of 1' 
bristle at the St locus and -½ bristle towards the sr 
locus. Again, given such few recombinants, the differences 
in locations may not be too worrying. There was a basic 
agreement between the two classes of recombinants. 
Scutellar bristle scores (Fig.23). 	No scutellar bristle 
activity was detected Within this section. 
Combined data (Diagram 24). 
When the information from the two occasions was 
combined, ignoring any differences between occasions, 
then there was a total of 45 sr not st and 43 St not sr 
recombinant lines. Together these provide evidence of 
at least 5 sternopleural bristle factors within this 
section. There was good agreement between them regarding 
the Size of the factors involved, the difference in 
locations implied may have been due to random differences 
in crossovers. 
Summary. There are at least 5 sternopleural, 
3 subprimal and 2 ocelIar' bristle factors associated with 
this chromosomal section. No significant scutellar bristle 
activity was detected. It seems likely, though not certain, 
that 'the sternopleural and subprimal bristle factors 
associated with the st locus' were the same as those cected 
in the previous section. The evidence from the second 
section was that there was a large sternopleural effect just 
92. 
to the left of the st locus, the evidence from this section 
would seem to indicate that the subprimal effect was to the 
right of the at locus (see Table 16). 
4) Synthetics 
Synthetic chromosomes were manufactured by combining 
into one chromosome the already isolated sections, in order 
to detect interactions between them. The first three 
sections had already been investigated and it was hoped 
that some combination of sections would produce a significant 
interaction with the remaining two sections 4 and 5. 
Only non adjacent sections could be brought together 
satisfactorily (see Diagram 25), since the two sections 
being brought together require a crossover between them, 
which requires a stretch of chromosome between them in 
which this can happen, if one of the sections is not to 
be partly lost. 
For this reason it was decided to examine the 
already isolated sections of C in non-adjacent combinations. 
The alternative would. have been to go back to the C 
chromosome and to isolate all the various combinations of 
sections ) which would have required many generations of 
selection during backcrossing to ruseca. This latter 
option was considered to be. too time consuming. 
The synthetic combinations that could be made up 
are given in Table.17. There was an interaction between 
sections 1 and 5, 2 and 5 and 1, 3 and 5 indicating that 







2 St not se 1.64* 1.95 
2 se not St 2.14* 0.84 
3 sr not St 1.51 1.79* 
3 st not sr 1.32 0.70 
TABLE 16. 	Sternopleural and subprimal bristle factors 
associated with the st locus. 	* indicates that the 
factor was separable from the st locus. It was con-
cluded that the sternopleural factor was to the left and 
the subprimal effct to the right of the st locus. 
92b. 
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DIAGRAM 25. 
Demonstrates why only non-adjacent sections of the 
C chromosome can be brought together into synthetics. 
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1 + 3 27.23 26.96 ± 0.44 n.s. 
1 + 4 23.27 22.42 ± 0.45 n.s. 
1 + 5 23.06 24.26 ± 0.36 * 
2 + 4 27.22 27.06 ± 0.34 ns. 
2 + 5 27.03 29.84 ± 0.57 * 
3+ 5 21.85 21.42 ± 0.38 n.s. 
1+3+5 27.90 31.72±0.48 * 
n = 25 e.s., 	* = p < 0.05. 
TABLE 17. 
There was a significant departure from additivity between sections 1 and 5, 
2 and 5 and 1, 3 and 5. 
93. 
On the strength of these findings it was decided 
to attempt to examine section 5 (e to Ca) in more detail, 
with section 2 homozygous for C chromosome in an otherwise 
ruseca derived third chromosome. Section 5 only contained 
significant effect when either section 1 or 2 from C was 
also present. Section 2 was used as a booster rather 
than section 1 because it appeared to have greater effect 
and because section 1 was known to a least partly overlap 
with section 2. 
5) Section 5 	- ca (3.71 to 3-101 cM) 
The chromosome which carried both section 2 and 5 
from C, referred to as 2 + 5 was used, but unfortunately 
was lost before being scored for subprimal bristle number. 
Recombination was- only allowed in the fifth section (see 
Diagram-26) and the two classes of recombinant lines 
were scored for sternopleural and subprimal bristle numbers. 
a) ca not e. 50 flies of each sex were scored for 
sternopleural bristle number and only 7 flies of each sex 
were scored for subprimal bristle number per line; 30 
recombinant lines which were ca but not e being collected. 
These flies would of' course also not be st or sr. 
Sternopleural bristle score (Appendix Table All). At least 
5 factors were required to deal with the data. Since the 
only 2+5 score available was a non contemporaneous one 
based on only 25 flies of each sex it was not'too worrying 
the 	-' 
that several lines had a score higher than/2 + 5 parent, 
the differences -not being significant. 
930. 
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DIAGRAM 26. 
Breeding scheme for production of '2+5' chromosome and its 
recombinants. 
TTM3,. 2 = ve + se  + st  sr e ca; 5 = ve se st sr +e +ca  
2 5 = ye +se +st sr +e +ca 
94. 
More difficult to explain, though again it was not significant, 
was the difference between the 2 parental score and the 
lowest recombinant line, line 29. The 2 parental score was 
about 24½ sternopleural bristles compared with a score of 
25½ when examined previously. Line 29-scored less than 2332- 
bristles which might well indicate some negative sterno-
pleural bristle effect in the fifth section. Hopefully, 
however,.the differences in scores indicated environmental 
caused variation and not real differences; a note of 
caution should be sounded. A model with three positive 
factors spaced evenly across the section, of sizes between 
2 	2 
/3 and 1 /3 would be adequate. 
Subprimal bristle scores (Fig.24). The data can be explained 
, by a single high factor of about 1 3  /4 bristles located right 
of centre of the section. Again a note of caution should be 
sounded regarding the parental scores. The 2 parental 
score appeared too high, though not significantly so; 
the 2 +_5 - parental  score was unavailable. Since only 7 
flies of each sex had been counted per line the differences 
would have to be very large for detection. Presumably this 
large effect could easily represent several smaller effects. 
b) e not ca. 75 or 50 flies of each sex were scored 
for sternopleural bristle number and 10 flies of each sex 
were scored for subprimal bristle number per line; 20 
recombinant lines which were e but not ca were collected 
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95. 
Sternopleural bristle scores. A reciprocal pattern to the 
previous class of lines was observed. Again lines 
appeared to score alarminglybut not significantlyoutside 
the parental range. At least-5 factors were required, 
a model with them placed fairly centrally and of sizes 
between 1 and 11/3  bristles was adequate. The agreement 
with the ca not e class was good. 
Subprimal bristle scores (Fig.25). A single factor of 
about 1½ bristles located right of centre of the section 
would be adequate. Again the 2 parental subprimal bristle 
score appeared high compared with the lowest recombinant 
lines, though the scores were not contempory. 
c) Summary 
Too few subprimal bristle scores were collected per 
line for an accurate estimate of the number of factors 
present in this section, at least one factor was present. 
There would appear to be at least 5 sternopleural bristle 
factors present in this section (see Diagram 27). 
) Summary of C chromosome 
Sternopleurals. Section 2 contained the main effect (about 
9 bristles) and at least 5 sternopleural bristle factors; 
section 5 contained very little effect alone, but a 
sizeable effect when section a from C was also present 
(about 5-bristles) and at least another 5 factors. 
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96. 
(about 4 bristles) and section 1 contained at least 3 
factors (about 6 bristles). C and ruseca were also known 
to carry a factor at the extreme left hand end of the 
chromosome which increased sternopleural bristle score 
by 1 bristle. 
The difference in sternopleural bristle score 
between ruseca (13) and C (about 40) can be shown to 
be due to at least 17 factors. This was a highly 
conservative estimate. The breakdown of the difference 
is given in Table 18 and Diagram 28. All detected 
factors were positive, there was thus no departure 
from the assumption of complementarity. 
Other Bristles 
There were-at least 8 subprimal, 5 ocellar and 
5 scutellar bristle factors involved in the differences 
between C and ruseca (see Diagram 28). All 8 sub-
primal factors were increasing and only one of the 
scutellar bristle factors decreased bristle number. 
96a. 
Source Score Minimum number 
factors 
ye locus 15 	16 1 
2 16+25 5 
2+5 25 	30 5 
2 34 4 
1 36 1 
lxrest +40 2 
Total 18 
4 contained no detectable effect. 
3 does not interact with 1 or 5. 
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give some idea of the distribution of effect on the C third chromosome compared 
to ruseca. 
97. 
III. Ocellar Bristle Experiment 
As has already been explained, fewer factors were 
likely to be detected for this character than had been 
for sternopleural bristles in the previous, experiment. 
Less confidence could be placed-in these results, with 
both regard to size and location of factors. • The examin-
ation of the ôcellar bristle lines was a preliminary attempt 
at locating ocellar bristle effects, awaiting the manu-
facture of more suitable stocks ) before a more exact analysis 
should be contemplated. Nonetheless an attempt was made 
to estimate a minimum number of factors involved in the 
control of the bristle characters, though this would be an 
even more conservative estimate than in the previous ex-
periment. As the same ruseca stock used before was used 
in this experiment, sternopleural bristle score was also 
used during the analysis of lines for ordering recombinants 
and during the backcrossing with selection whilst isolating 
the chromosomal sections. This was because the extreme 
ocellar third chromosomes were expected to carry higher 
sternopleural alleles than ruseca or at least are expected not 
to carry lower sternopleural bristle scoring alleles 
than ruseca. 	Subprixnal and scutellar bristles were also 
usually scored. 
1) N41 Low ocellar bristle chromosome 
N41 carried In(3R)Mo which effectively prevented 
crossing over in the right arm of heterozygous N41/ruseca 
females, which meant that only the left arm of N41 could 
be analysed. 	The left arm was divided into three sections, 
98. 
1 (ye to se), 2 (se to st) and ve se (St to an unknown 
right edge, but not as far as sr). The rest of the N41 
chromosome segregated as a single unit and could be shown 
to be active for all four bristle characters. 
A)N41 1ve +se(3_O.O 26 cM.) 
1) N41 1 se not ye (Appendix Table Al2). 	25 flies 
of each sex were scored for all four bristle characters 
per line; 34 recombinant lines which were se but not ye 
were collected. A further 50 flies of each sex were 
scored for ocellar bristles only. 
Ocellar bristle'scores (Fig. 29 to 31). 	At least 2 ocellar 
bristle factors were detected but it was necessary to hypo-
thesize that there was positive ocellar bristle effect on 
the N41 chromosome in this section, thus one of the main 
conditions of the analysis was not met. The simplest 
model placed a large negative effect -1. 1 bristles just to 
the right of the ye locus and a positive factor of about 
bristle centrally. 	If this was a real positive factor and 
not some error then the ruseca chromosome was carrying at 
least one allele with a lower ocellar score than the allele 
on the N41 chromosome. Little confidence could be placed 
in the results from this section. 	4 of the 34 recombinant 
lines had a particularly low score of less than 6 bristles, 
which was significantly lower than the lower parental 
score (This was not found when investigating d) forcing the 
interpretation of positive ocellar effect on the N41 
chromosome. 	 - 
N41 1 nob ye0 
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99. 
Sternopleural bristle scores (Fig. 26 to 29). 	The N41 
chromosome carried a negative sternopleural bristle factor 
close to the ye locus which reduced sternopleural bristle 
score by about 	of a bristle. This factor reduced 
sternopleural bristle score compared with the factor carried 
on ruseca and had been detected on other occasions (A. 
Robertson - personal communication), The large sterno-
pleural bristle factor at the se locus was again detected, 
with an estimated effect of 3.1 bristles. 
Subprimal bristle scores (Fig. 27 & 30). 	At least 3 sub- 
primal factors were located within the section including 
a negative factor associated with the negative sternopleural 
bristle factor, estimated at -17 bristles. The positive 
of 
effects were a positive factor/i bristle between the ye 
locus and the negative factor and a large 2-1 bristle factor 
associated with the se locus. 	Sternopleural and subprimal 
scores were highly correlated. 
Scutellar bristle scores (Fig. 28 & 31). 	A significant 
difference was detected indicating the presence of at least 
one factor within the section, its location being flexible. 
A single factor of about bristle to the left of the se 
locus was adequate. 
ii) ye not se (Appendix Table A13). 	25 flies of each 
sex were scored for all four bristle characters per line, 
11 recombinant lines which were ye but not se were collected. 
A further 50 flies of each sex were scored for oceilar 
100. 
bristle number for most of these lines. 
Ocellar bristle scores (Fig. 35 to 37). 	Only one negative 
factor of -1  bristle located centrally was required. The 
finding of the reciprocal class of a positive ocellar 
bristle factor was not repeated, suggesting that the previous 
class did have a greater environmental error variance and 
so there ,may not have been the positive ocellar bristle 
factor on N41. 	The distribution of ocellar bristle scores 
was such that they lay across the parental range, enabling 
the placement of the negative factor almost anywhere within 
the section. 
Sternopleural bristle scores (Fig. 32 to 35). 	The simplest 
interpretation of the data detects 3 factors compared with 
2 factors in the reciprocal class, the factor at the se 
locus being of about the same size ,3 bristles ,with another 
factor to its left of about l bristles. The negative 
factor associated with the ye locus was estimated as being 
larger, -2 bristles, the difference may be due to inter-
action. This set of data was .not easily ordered and I do 
not have much confidence in the final model. 
Subprimal bristle scores (Fig. 33& 36). 	Again it was 
necessary to hypothesize 3 subprimal bristle factors within 
the section. 	A factor of 1.2 and another of 1.1 to the 
left of the se locus and a negative factor of -1 bristle 
left of centre, gave a satisfactory model. The main 
difference between the interpretations of the two classes 
lOOa. 












1~1 -- -- - - - 






























4 BY5* 	16 	17 	18 	19 	20 	21 
	
SternopLeurats (3) Sx 	0 . 372 
441 	 FLgune 34 




4 ,, 2 
 
—) 	 I 
C, 
- 	411 
C-, 	 I 











— A -------------- 
18 	17 	18 	18 	20 	21 
	
22 	23 
• 	 V 
• SernpLeucaL (3) Sx = 0 . 372 








700 	725 	750 	775 	8 
OceLLars (1) Sx = 0.151 
- 
















N41 1 not se,, 	lOOb. 






6a25 	650 	675 	7300 	725 	/obU 	o75 	8000 













9 -100 625 	650 	675 	700 725 	7350 	775- 	8000 









was the positioning of one of the positive factors, 
possibly due to the smaller number of ye not se recombinant 
lines collected. 
Scutellar bristle scores (Fig. 34 & 37). 	Only one factor 
was required to explain the data, again of flexible location, 
the position that most suits the data was to the right of 
the ye locus. 
iii) Summary 
The main difference between the interpretations of 
the two classes was that the se not ye class were inter-
preted to have 2 ocellar and 2 sternopleural bristle 
factors, whilst the ye not se class gave 1 ocellar and 3 
sternopleural bristle factors. 	If this was correct then 
there must have been at least 2 ocellar and 3 sternopleural 
bristle factors within this section. There were at least 
3 subprixnal and 1 scutellar bristle factors also present. 
The necessity of having a positive ocellar and negative 
sternopleural bristle factors on the N41 chromosome casts 
serious doubt on all the interpretations of this data 
(Diagram 29). 
B) N41 2. se - st (3-26 to 44cM) 
i) st not se (Appendix Table A14). 	25 flies of each 
sex were scored for all four bristle characters per line; 
14 recombinant lines which were st but not se being collected. 
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102. 
Ocellar bristle scores (Fig. 41 to 43). 	At least one 
negative ocellar bristle factor was detected within the 
section. All the recombinant line scores lay within the 
parental range enabling a flexible placement of the 
factor within the section, the simplest location being - 
bristle at the St locus. 
Sternopleural bristle scores (Fig. 38-41). 	At least two 
factors were detected, again the large factor of 4 bristles 
at the se locus plus another factor of about 1 bristle to 
the right of the se locus. 
Subprirnal bristle scores (Fig. 39 & 42). 	At least three 
factors were required, a large factor of about 34 bristles 
at the se locus, lf bristle factor to the right of this and 
associated with the sternopleural factor, and a factor of 
1 bristle located centrally would be adequate. 
Scutellar bristle scores (Fig. 40& 43). 	No scutellar 
bristle activity was detected. 
ii) se not st (Appendix Table A14). 	25 flies, of each 
sex were scored for all four bristle characters per line; 
15 recombinant lines which were se but not St were collected.' 
A further 50 flies of each sex were scored for ocellar 
bristle score only. 
Ocellar bristle scores (Fig. 47 to 49). 	A single factor 
of about -1 bristle located at the St locus was adequate. 
Sternopleural bristle scores (Fig. 44 to 47). 	The large 
factor associated with the se locus was again detected, 
102a. 
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103. 
estimated to be about 4 bristles, plus a factor of about 
l bristles located centrally. 
Subprimal bristle scores (Fig. 45 - & 48). 	At least three 
factors were involved, a large factor of about 3 4 bristles 
at the se locus, a largish factor of 24 bristles located 
centrally and a factor of 4 bristle just to the left of the 
st locus. 
Scutellar bristle scores (Fig. 46 and 49). 	No significant 
scutellar bristle activity was detected. 
iii) Summary 
The findings are summarised in Diagram 29. The two 
reciprocal classes complemented each other well. There 
were at least 1 ocellar, 2 sternopleural and 3 subprimal 
factors present in this section. No scutellar. bristle 
effect was detected. At least one of the sternopleural 
and one of the subprimal bristle factors had already been 
detected in the previous section, N41 1. 
C) N41 ye se +st +sr 
The presence and influence of In(3R)Mo necessitated a 
different approach to the investigation of the third section 
of the N41 chromosome. 	In(3R)Mo greatly reduced the fre- 
quency of crossovers within this section and only a few 
recombinant lines were collected. Also the exact location 
of the right extreme of this section was to the left of- sr 
and was unknown, lying between st and sr. Probably it was 
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104. 
short in length. An additional complication, to that of 
the unknown location of the right end of the section, was 
the non-reciprocal products from crossovers within this 
section. In(3R)Mo caused the right arm of the N41 chromo-
some to behave as a single segregating unit, so that the 
two recombinant classes were not complementary, one class 
(N41 ye se +st)  not carrying the inversion block and the 
other (N41 ye se-st) were carrying the inversion block 
(see Diagram 30). The ±st recombinant lines were compared 
with ruseca whilst the St recombinant class were compared 
with N41 ye se and N41 ye se St. These two 'parental' 
chromosomes having been manufactured in the customary way 
by means of 7 generations of backcrossing to ruseca with 
selection (up for ocellar bristle score and down for sterno-
pleural bristle score).. 	The N41 ye se chromosome would 
carry ruseca 	from the left hand end of the chromosome 
to a position just to the left of st,whilst the N41 ye se st 
chromosome would carry ruseca chromosome from the left hand 
end as far as the unknown right extreme of this third 
section (between st and sr). Both these chromosomes and 
the St recombinant class from N41 ye se carry In (3R)Mo and 
therefore the right arm of the N41 third chromosome. 
Differences between N41 ye se st and ruseca indicate 
the total amount of effect carried by the right arm of N41 
under the influence of In(3R)Mo. 
104a. 
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DIAGRAM 30. 	Shows the two recombinant classes from the 
third section of N41. 	The N41 ye se +st  class was com- 
pared with ruseca and the N41 ye se -St class was compared 
with N41 ye se and N41 ye se St 'parental' values. 
105. 
N41 ye se-st (Appendix Table A15). 	25 flies of 
each sex were scored for all four bristle characters per 
line; 6 recombinant lines which were st but not sre or 
ca were collected. Another 50 flies of each sex were 
scored for ocellar bristle number only. Since the right 
end of this section was unknown any locations would be 
meaningless within this section, it was however still 
possible to determine whether there were factors present 
within this section. 
Ocellar bristle scores (Fig. 53-55). 	All lines had scores 
similar to that of the N41 ye se stparental score, indi-
cating that there was a negative ocellar factor of - 
bristle at the St locus. 
Sternopleural bristle scores (Fig. 50-53). 	At least one 
factor of over 1 bristle in size must be located within 
the section. 
Subprimal bristle scores (Fig. 51 & 54). 	The data was 
consistent with a positive factor of 2 bristles and a 
negative factor of -34 bristles within the section. Since 
the N41 ye se parental score was not made at the same time 
as the recombinant lines this may have been a false finding, 
with only a single positive factor within the section. 
Scutellar bristle scores (Fig. 52'& 55). 	No scutellar 
bristle activity was detected within this section. 
N41 ye se 5t  (Appendix Table A15). 	Only one 
such recombinant line was scored, 25 flies of each sex were 
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106. 
flies of each sex for ocellar bristle number only. This 
line was compared with the ruseca chromosomal score. 
Ocellar bristle scores (Fig. 59-61). 	A single factor of 
- bristle was required. 
Sternopleural bristle scores (Fig. 56-59). 	A single factor 
of l bristles was required. 
Subprimal bristle scores (Fig. 57& 60). A single factor 
of just over 1 bristle within this section was required. 
Scutellar bristle scores (Fig. 58 & 61). No effects was 
detected. 
iii) Summary 
With only one N41 ye se +5t  recombinant line, only one 
factor at maximum could be detected, this being the result 
except for scutellar bristles. This section was of unknown 
length, being less than 18cM long. 	In all probability the 
only sensible result from this section was that there was 
negative ocellar, positive sternopleural and subprimal and 
no scutellar bristle effect present. 
D) In(3R)Mo. 
An estimate was made of the amount of bristle effect 
associated with the N41 chromosome influenced by In(3R)Mo. 
This section was from the extreme right of the above 
section (somewhere between st and sr) to the right hand end 
of the N41 chromosome. 	Table 19 gives an estimate of the 
total amount of bristle effect associated with the inversion. 
There must have been at least one factor for each bristle 







- 	 Sub- 
primal Scutellar 
N41 ye se St 6.08 17.93 2.68 4.29 
ruseca 7.60 1 	15.81 2.01 4.02 
Difference -1.52 2.12 0.67 0.27 
TABLE 19. The difference between N41 ye se St and ruseca 
indicates the bristle effect associated with the N41 
chromosome under the influence of In(3R)Mo. 
E) Summary 
N41 carried at least 4 or 5 ocellar, 6 sternopleural, 
7 or 8 subprimal and 2 scutellar bristle factors (see Diagram 
31). As there appeared to be positive ocellar and negative 
sternopleural bristle factors in the first section of the 
N41 chromosome the interpretations were uncertain. 
2) d low ocellar bristle chromosome 
The d chromosome had the complication of containing a 
homozygous lethal effect (A) probably located between st 
andSb (3-44 to 58cM). 	A further complication was the ir- 
regularity of expression of the lethality. When in the 
'Standard' background the d chromosome was homozygous lethal, 
however each of the separated sections proved to be viable 
when homozygous. This indicated that the lethality was 
dependent on some interaction with effect(s) in other 
sections of the d chromosome. When further analyses were 
performed on the second section (3-26 to 44cM), 3 out of 13 
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108. 
se not st recombinant lines appeared to be homozygous 
lethal, 'the st not se lines did not appear to be affected 
in this way. The lethality situation was thus complicated 
and was not investigated further in this study, the results 
from the d second section should be treated with some 
caution as the lethality effect may have altered the re-
suits. 	The first ye to Se, second se to st and fifth, .t 
to ca,sections only, were analysed. 
A) d 1 ve_ se '(Appendix Table A16). 
i) d 1 se not ye. 	25 flies of each sex were scored 
for all four bristle characters per line, 9 recombinant 
lines which were se but not ye being collected. A further 
50 flies of each sex were also scored for ocel].ar bristle 
number per line. 
Ocellar bristle scores (Fig. 65-67). 	At least 2 negative 
ocellar bristle factors must have been present within this 
section. An effect of about , - bristle at the se locus 
and a centrally located factor of 4 bristle would be adequate. 
Sternopleural bristle scores (Fig. 62-65). 	A single large 
factor of 34 bristles associated with the se locus was 
adequate. 
Subprimal bristle scores (Fig. 63& 66). 	A single large 
factor of 3 bristles associated with the sternopleural. factor 
at the se locus was adequate. 
Scutellar bristle scores (Fig. 64'& 67). 	No scutellar 
bristle activity was detected in this section. 
108a. 
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109. 
d 1 ye not se 	25 flies of each sex were scored 
for all four bristle characters per line; 3 recombinant 
lines which were ye but not se were collected. A further 
25 or 50 flies of each sex per line were scored for ocellar 
bristle number only. 	4 other recombinant lines were scored 
for ocellar and sternopleural bristles only. 
Ocellar bristle scores (Fig. 71-73). 	A single negative 
factor of - bristle located just to the left of the se 
locus was adequate. 
Sternopleural bristle scores (Fig. 68-71). 	The large 
sternopleural bristle factor of about 3 bristles associated 
with the se locus was again detected. A further factor of 
bristle located centrally was also required. 
Subprimal bristle scores (Fig. 69 &. 72). 	A single factor 
of 2-1 bristles associated with the sternopleural factor at 
the se locus was adequate. 
Scutellar bristle scores (Fig. 70 & 73). 	No activity was 
detected in this section. 
Summary. 
There were at least 2 ocellar, 2 sternopleural and 1 
subpriinal bristle factors associated with this section. No 
scutellar bristle effect was detected (Diagram 32). 	The 
agreement between reciprocal classes was goodgiven such a 
small number of lines. Both ocellar bristle factors were 
negative and both sternopleural and the subprimal bristle 
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B) d 2 15e_ 	(Appendix Table A17) (3-26 to 44CM) 
As already mentioned 3 out of 13 se not st recombinant 
lines were homozygous lethal. Some of the other lines had 
low bristle scores and reduced viability, as detected by 
fewer homozygous recombinant flies hatching, indicating a 
sub-lethal effect. The st not se recombinant lines did 
not appear to be affected in this way. 	 - 
i) d 2 St not Se. 	25 flies of each sex were scored 
for all four bristle characters per line; 8 recombinant 
lines which were St but not se were collected. A further 
50 flies of each sex per line were counted for ocellar 
bristles only. Another 2 lines were scored for sterno-
pleural and ocellar bristles only. 
Ocellar bristle scores (Fig. 77-79). 	A single centrally 
located negative factor of - a bristle was adequate. 
Sternopleural bristle scores (Fig. 74-77). 	The large factor 
of 3 bristles associated with the se locus was detected, a 
further factor of j bristles to the right of this was also 
required. 
Subprimal bristle scores (Fig. 75'& 78). 	At least two 
factors were required, a factor of A bristles associated 
with the se locus and a centrally located factor of 3 
bristles (?). 	 ' 
Scutellar bristle scores (Fig. 76'& 79). 	No significant 
activity was detected. 
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111. 
ii) d 2 se not St. 	25 flies of. each sex were scored 
for all four bristle characters per line; 8 recombinant 
lines which were se but not St were collected. A further 
25 or 50 flies of each sex per line were scored for ocellar 
bristles only. Another 2 lines were scored for sterno-
pleural and ocellar bristles only. 
Ocellar bristle scores (Fig. 83 to 85). 	At least 2 factors 
were required. A factor of - bristle at the se locus and 
a factor of - bristle to its left would be adequate. 
Sternopleural bristle scores (Fig. 80-83). 	The sternopleural 
bristle data was interpreted in such a way that the two 
factors required include one negative factor. It was prob-
able that the necessity of having a negative factor on d 
was a by-product of the lethality' effect associated with 
this section, which reduced bristle scores. 	If the data 
was interpreted in such a way that there were only' two 
factors, then the factor associated with the se locus was 
inflated to 5.1 bristles because of the negative factor of 
-l. just to the right of this. 	This interpretation should 
be treated with caution. 
Subprimal bristle scores (Fig. 81 & 84). 	Only one factor 
was required, a large factor of 5.2 bristles associated with 
the se locus was adequate. 
Scutellar bristle..scores (Fig. 82'& 85). 	No significant 
activity was detected. 
Sternopteurats (2) Sx = 0.281 
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112. 
Summary 
There were at least 2 ocellar, 2 or 3 sternopleural 
and 2 subprimal bristle factors associated with this 
section. At least one of the sternopleural and one of the 
subprimal factors had been detected in the previous section. 
Agreement between reciprocal classes was basically good 
(except sternopleural bristle factors - see above). It 
seemed likely though not certain that there was a lethal 
effect influencing the bristle scores to an unknown extent. 
Both ocellar bristle factors were negative (Diagram 32). 
C) d 5 e ca 	(3-71 to 101cM) (Appendix Table A18). 
d 5 ca not e 25 flies of each sex were scored 
for all four bristle characters per line; 8 recombinant 
lines which were ca but not e being collected. Another 
25 or 50 flies of each sex per line were scored for ocellar 
bristle number and another 6 recombinant lines were scored 
for ocellar and sternopleural bristles only. 
Ocellar bristle scores (Fig. 89 to 91). 	A single negative. 
factor of - j bristle located centrally was adequate. 
Other bristle scores (Fig.. 86 to 91). 	No significant act- 
ivity was detected. 
d 5 e not ca. 	25 flies of each sex were scored 
for all four bristle characters per line; 6 recombinant 
lines which were e but not ca were collected. Another 50 
flies of each sex per line were scored for ocellar bristle 
number only. 
112a. 
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113. 
Ocellar bristle scores (Fig. 95 to 97). 	A single negative 
factor of -. bristle located to the left of the ca locus 
was adequate. 
Other bristle scores (Fig. 92 to 97). 	No significant act- 
ivity was detected. 
iii) Summary (Diagram 32). 
A single ocellar bristle factor of about 	bristle 
located within the section was the only significant effect 
detected within the section. 
D) Summary of d. 	At least 5 negative ocellar, 3 posi- 
tive sternopleural and 2 positive subprimal bristle factors 
scutellar 
were detected on d. No significant/bristle effect was de- 
tected (Diagram 33). 
3) H High ocellar bristle chromosome' 
Only the first section (ye to se) was analysed, as this 
appeared to be the only section with high ocellar bristle 
activity. The recombinant line scores are given in Appendix 
Table A19. 
a) H 1 se not ye. 	25 flies of each sex were scored 
for all four bristle characters per line; 4 recombinant lines 
which were se but not ye were collected. A further 50 flies 
of each sex per line were scored for ocellar bristle number 
only and 'a further 3 recombinant lines were scored fort 
ocellar and sternopleural bristle number only. 
A single factor at the se locus with an effect of 1 
ocellar, 4 sternopleural, 5 subprimal and f scutellar 
bristle was adequate (Fig. 98 to 103). 
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H lye not Se. 	25 flies of each sex were scored 
for all four bristle characters per line; 3 recombinant 
lines which were ye but not se were collected. 
A single factor at the se locus with an effect of 1 
ocellar, 4 sternop eural and 4 subprimal bristles was ade-
quate. A further factor of about 1 scutellar bristles 
within the section was also required (Fig. 104-109). 
Swnxnary. 	Because so few recombinant lines were 
collected, only a single factor for each bristle character 
was required, all the factors apart from the scutellar 
bristle effect were associated with the se locus. The 
large sternopleural and subprimal factor associated with 
the se locus was again detected (Diagram 33). 
4) Summary. 
Far fewer factors were detected. Non-complementartj 
of ocellar bristle factors indicated that the results should 
be treated with caution. There was a strong positive 
correlation between sternopleural and subprimal bristle 
effects. N41 contained at least 4 or 5 ocellar, 6 sterno-
pleural, 7 or 8 subprimal and 2 scutellar bristle factors. - 
d contained at least 5 ocellar, 3 sternopleural, 2 subprimal 
and no scutellar bristle-factors. H contained one factor 
for each bristle character. The results agreed with the 
less flies scored the fewer factors detected. NO complete 
chromosome was assayed. There were no concentrations of 
effect such as that for the sternopleural bristle character 
in the second section of C. All chromosomes had a large 
114a. 
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sternopleural bristle factor associated with Se. d 
appeared to be carrying py the large subprimal bristle 
factor in the second section. 	Since d, N41 and H all 
carried Est-6 5, the Esterase-6 locus could not be used as 
a marker. N41 carried a low sternopleural bristle 
factor at its extreme left end which was lower than the 
ruseca and C effect. 
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CHAPTER V. 	 DISCUSSION 
1) Quantitative Variation 
Variation is thought of as being of two types, dig-
continuous, such as blood type (A.,B ,O etc.) and continuous 
or metric, such as body weight. The two are discriminated 
by whether natural discontinuities occur in the distri-
bution of the character which enable the unambiguous place- 
ment of individuals into one class or another (discontinuous), 
and between characters which at the level of measurement 
used, show a smooth continuous distribution of measurement. 
There is a minimum unit of measurement be it m, cm or 
mm, etc. in which a character is measured. For example a 
man's height might be given as 1.96 meters to the nearest 
mm, his actual height will be between 1.955 and 1.965 
meters but is represented by the mean of this class, 1.96m. 
At some level a continuous character is treated as. having 
discontinuous variation because of the imperfect means of 
measurement. Conceptually, however, it is assumed that 
there is an underlying scale on which a quantitative 
character actually has a continuous distribution. 
Discontinuous characters may be controlled by major 
genes. Major genes have large recognizable effects which 
make the character phenotypically. discontinuous. Quant-
itative characters are controlled by polygenes which are 
assumed to be numerous, small, to behave as mendelian 
units, but are too small to be followed individually. 
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A character is continuous because of the large number of 
loci controlling it and because of the superimposed con-
tinuous variation from non-genetic sources. The difference' 
between major genes and polygenes is iç their 	re- 
lative to other sources of variation. There are of course 
genes with effects right across the range from major gene 
to polygene and whether a gene is thought of as being one 
or the other is determined by the amount of effort placed 
in the measurement of the character. One gene might be 
a major gene for one character and a polygene for another, 
the terms are ones of convenience rather than reflecting 
natural properties of the loci. 
A large number of individuals have to be measured 
when investigating a quantitative character in order to 
get an accurate measure of their score. Normally therefore 
easily measured anatomical dimensions or physiological 
functions measured by end products are usually studied. 
Bristles' are quickly and easily counted and presumably 
reflect the quantity of some underlying physiological con-
tinuous character which gives rise to them. Bristles 
themselves are obviously not continuous, the basic unit 
being a single bristle, but the bristle score is a re-
flection of the underlying continuous character. 
\Thenature of the distribution of most quantitative 
characters approximates that of the Normal distribution. 
As a result of this it is possible to make use of the 
properties of the Normal distribution. Often, the scale 
118. 
of measurement can be altered so that the character's 
distribution approximates the Normal distribution, e.g. 
on a logarithmic scale (see p. 60). 	In the present 
investigation only scutellar bristles were assumed not 
to have a Normal distribution. This was because this 
was a canalised character usually having a score of 4 
bristles. At the expense of the loss of information this 
was allowed for. 
One way of investigating continuous variation is to 
attempt to redefine the character in such a way that it 
is no longer continuous. This can be done by splitting 
the character into its components which may.have simpler 
genetic controls. A good example of this was in the 
investigation by Spickett et al. (1967) of the genetic 
variation in adrenal function. Increasing the phenotypic 
classification specificity simplified the genetic system 
leading to the uncovering of major genes. Spickett 
(1963) was able to do this for sternopleural bristles and 
was able to show how 5 different factors had differential 
effects on the character. This was attempted unsuccess-
fully in the present investigation. 
One of the advantages to an organism in having a 
character with polygenic variation is that it enables 
the organism to have both stability and adaptability. 
It allows a close match between the phenotypic score and 
the optimum score for that character when under stabilizing 
selection. Potential variation is stored in heterozygous 
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combinations and is available for response to selection. 
This gives the species the capacity to respond to 
Evolutionary forces such as changes in the environment. 
2) How many genes? 
When asking the question 'how many genes are con-
trolling a continuous character?', the question needs to 
be made more specific and the precise circumstances de-
fined:- 
In terms of the number of loci controlling the con-
tinuous character in a species, a population or even 
on a chromosome. 
In terms of- those loci contributing directly and/or 
indirectly to the differences. 
In terms of those loci that are segregating and are 
detectable in that particular genetic background and 
set of environmental conditions. For example the 
description of a located polygene should include de-
tails of the standard chromosome against which the 
factors were located, etc. 
In terms of those loci that are responsible for most 
of the variation, and that are detectable for a 
given amount of effort. 
As Robertson (1967) pointed out we are analysing 
genetic variation controlled by segregation at particular 
loci, measured in a particular way on a particular pop-
ulation, and this cannot be generalized outside these 
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constraints. 	In the present investigation all located 
factors were given effect estimates in the same standard 
background, against ruseca but with variable amounts of 
tester and marker chromosome from the section in which 
they were located. 
The aim of the present study was to find the minimum 
number of loci with direct effect on the difference between 
the tested and marker chromosomes. 
What is meant by a bristle gene? In this investi-
gation a bristle gene was thought of as a loc&s which 
carried effect which could influence bristle number. 
Except for the unsuccessful attempt to do a Spickett-like 
experiment, no attempt was made to investigate the mode 
of action of located factors. Whether or not they were 
structural of regulatory loci could not be determined. 
Frankhaxn, Briscoe and Nurthen (1980) showed that Clayton 
et al. (1957) 's response to selection for low abdominal 
bristle score was due to response at the 'bb' locus on 
the X chromosome. 	The tbbl  locus codes for the 18s and 
28s ribosomal RNA and consists of 200-300 randomly arranged 
copies. 	They argued that, the 'bb' alleles arose by Un- 
equal crossing over in the rRNA tandon 	theY chromosome 
remaining 'bb +' wild-type since there was no crossing over 
in males. The much greater response in females than 
males was thus accounted for by changes on the X chromo-
somes corresponding to changes in the number of copies 
at the tandon generated by unequal crossing over.. The 
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function of this locus is crucial to the expression of 
all protein-specifying loci and so is likely to influence 
many characters. 	This, then, was an example of a quant- 
itative change being accounted for by a known specific 
change at the DNA level. 	 - 
The number of genes detected will be determined by 
the amount of effort placed into their detection. The 
more lines and flies per line collected and scored the 
lower the 'detection threshold value' will become. The 
'Factors' referred to in this study may not be meaningful 
outside the context of the experiment that detected them. 
Such factors may well prove to be made up of more than one 
gene influencing the character, being either tightly linked 
or of individually too small an effect to be detected 
separately. 
3) Are Bristles Important? 
Robertson (1967) in an experiment with D. melanogaster 
showed that a high selected line allowed to drift did not 
drop-in bristle number by much, indicating that the 
Natural Selection forces acting on this character were not 
very strong. 	Robertson (1955) pointed out that whether 
sternopleural bristles were subject to Natural Selection 
or not, it was a peripheral character and not closely re-
lated to fitness. 	Beardmore (1960) showed that Natural 
Selection influenced bristle number; the character must 
therefore have some relevance to fitness, some bristles 
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having a sensory function. Stern (1938) found that 
every thoracic bristle was fed by a single bipolar nerve 
cell of the peripheral network. Kearsey and Barns 
(1970) showed that genotypes intermediate for sterno-
pleural bristle score had the highest larval viability 
in intensely competitive conditions. Natural Selection 
must therefore have taken place before the character 
existed and so must be selecting on some pleiotropic effect. 
However, this would seem to indicate stabilizing selection 
for sternopleural bristles on its pleiotropic effect. 
Reeve' and Robertson (1953) suggested that variation in 
bristle number was a secondary effect of genes whose. 
primary role lay elsewhere. A survey of very different 
natural populations shows how similar the mean and variance 
for sternopleural bristles oe; implying Natural Selection 
to be important. 
In my opinion the number of bristles is an important 
character subject to Natural Selection. What its importance 
might be is not clear. The number of bristles influences 
the fitness of the fly. The advantage of bristles as a 
quantitative character is the ease of assay, it being 
possible to count many flies in a comparatively short 
-time. How typical of quantitative characters in general 
and of what relevance to commercially important traits, is 
01- 
not clear. The practical advantages ofbrist1eD character 
outweigh its lack of commercial interest, as a character 




It would, of course, be desirable to know exactly 
how a character is made up, how each gene has its effect, 
how each gene interacts with other genes and how the 
development of the character is controlled. In other 
words to have a complete understanding of the genetic 
control of the character in order to be able to manipulate 
-it, if desired, to the best advantage. The technique 
described in this investigation has a number of constraints 
or limitations, listed below, which cause shortcomings of 
a complete description of the genetic control of the 
character under investigation. 
1. This method can only detect those factors that are 
segregating in the cross, i.e. only those effects that 
have different copies of the 'factors' in the tester com-
pared with the tested chromosome. In the case of the 
sternopleural bristle character, only the factors respons-
ible for an increase in score from about 16 to 40 
bristles could be investigated. There probably are a 
number of factors which have an effect on sternopleural 
bristles located on the third chromosome which have the 
same copy present on both 'ruseca'and 'C', i.e. they both 
carry the same 'allele' at these sites, for example, the 
effect at or very close, to the ye locus. The original 
'C' chromosome will almost certainly not carry all possible 
high factors controlling sternopleural bristle score, 
either from the original Kaduna population or from D. 
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melanogaster as a species. 	Only a subset of factors/ 
alleles will have been fixed in 'C' and this will be a 
subset of the factors present in Kaduna of those in the 
species. The results obtained are thus specific to 
that tester-tested chromosome combination. Against 
another tester chromosome different factors may be seg-
regating. 	In describing the results, therefore, it is 
essential to also describe the tester and background. 
The original score of the high sternopleural bristle 
line had been 50 sternopleural bristles. The difference 
between this and the score of this stock when investigated 
(40) was 10 sternopleural bristles. This difference was 
not available to study having been lost from either the 
C third chromosome or the Standard background, it was not 
known which. 
2. In practice only one chromosome can be examined at 
a time. This is because the technique relies upon as 
much homogeneity as possible to allow an accurate measure 
of the amount of effect present. A further complication 
is that only those markers that delineate sections of 
chromosome of suitable length and which can be recognised 
phenotypically in all combinations, can be used. Care 
should be taken in the choosing of-the markers, they should 
be recessive, about the right distance apart to disallow 
double crossovers at a high frequency, and preferably to 
have no effect on the character themselves. In such an 
analysis only those effects that differ on the one 
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chromosome set can be examined ata time. In the 
present investigations only the third chromosomes were 
analysed on each occasion. 
Only those factors which are separated by a recombi-
nation event.can be detected. Two very closely linked 
genes will be described as only one factor unless a recom-
bination event separates them so that their segregation 
can be detected. Closely linked groups of factors would 
also be detected as just one factor. 	The description 
'effective factor' is used to allow for the possibility 
that further separation might be possible given greater 
opportunity for recombination. The technique thus tends 
to underestimate the number of genes controlling the 
character, because of their linkage. The more recombinant 
lines collected the more likely that factors will be 
separated. 
The technique can only detect differences that are 
large enough to be statistically significant. Since the 
95% confidence limits are used, this is a highly conser -
vative means of separation and the number of factors con-
trolling the character will again be sizeably underestimated. 
If one imagined that there were a large number of 
small factors spread evenly along the chromosome, then 
the method used in this investigation would result in 
these factors being divided into arbitrary groups, and the 
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situation described by a smaller number of factors each 
having a larger effect of about the same size (see 
Diagram 34). 
For example ,the results from the st not 
recombinant lines from the second section of the C 
chromosome (2) investigation. These were interpreted 
in such a way that there were three effects of sizes 1.13, 
1.15 and 1.16 bristle effects spread evenly along the 
section. Also the fifth section e not ca recombinants 
of theC2+5 chromosome which produced estimates of 1.33, 
1.01, 1.04 9 1.29 and 1.05 bristle effects. In reality 
therefore there may well be many more numerous 
therefore each of smaller individual effect )factors 
present, (see McMillan and Robertson, 1974). 
In such a situation the number of factors so 
grouped per estimated factor would depend. on the number 
of flies counted per recombinant line. The more flies' 
counted per line, the smaller the error attached to the 
mean and the smaller a difference and therefore effect, 
that can be detected. However, the amount of effort 
involved in counting flies can be distributed to counting 
the number of flies per line and to the number of lines, 
the two being inversely related for a given total number 
of flies counted. 
T = N x n 	T = Total number of flies counted 
N = Number of lines 
n = Number of flies per line 
Point 3 above was that 'Ne' should be large to 
maximise the chances of separating closely linked effects 
DIAGRAM 34. 	To show how the statistical method may estimate small effects with a large 
factor. It is assumed that a single crossover has occurred between each of 
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whilst point 4 was that 2 n should be large to maximise 
the power of detection. The larger 'n is the smaller a 
factor can be detected. The optimum strategy will 
depend on the distribution of effects being investiaged, 
an unknown situation prior to the experiment, perhaps 
a reiterative approach could be used, time permitting. 
In my investigations I usually counted at least 
50 flies per line (25 of each sex.) for the secondary 
characters and at least 100 flies (50 of each sex) per 
line for the main character (sternopleural or ocellar 
bristles). When examining the left three sections of 
the C chromosome I counted about 90 lines per chromosomal 
section for sternopleural bristles and about 50 lines 
per section for all four bristle characters. Since the 
investigation of the ocellar chromosomes was more 
preliminary in nature far fewer lines per section were 
collected. 
An additional point to be made is that there comes 
a point when there is no greater accuracy achieved in 
counting more flies per line, as the main component of 
the error is due to irreducable environmental factors 
and small effects of the opposite direction which have 
been fixed on the tester and tested chromosomes. More 
generally however the unfortunate fact is that the more 
flies counted the more factors detected. 
5. 	Factors that have their effect through fitness 
cannot be detected by this method, e.g. sub-lethal genes 
etc. The number of loci influencing the response to 
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selection for bristle number may be much larger than the 
number of loci directly affecting bristle number. 
Fitness genes would influence the variance of bristle 
number in the base population but could not be located 
by using the technique (Spickett & Thoday, 1966). 
All errors in the estimation of the number of loci 
involved are towards an underestimate of the real number 
of loci. The estimate is therefore of a minimum number 
of loci involved, and may be a serious underestimate of 
the real number. A minimum number of factors involved 
can be given with the reservation that it may well be a 
serious underestimate. Another approach would have been to 
assume that there were an infinite number of effects and 
to detect individual effects by gaps in the distribution 
of scores. This was simulated and found to be still more 
conservative than the present approach. 
Sternopleurais and/or ocellar bristle scores were 
used to order the lines. It was initially hoped that the 
secondary bristle characters could be used to help the 
ordering of the primary bristle character(s). Very few 
major secondary bristle character factors were detected 
so that the ordering tended to occur the other way 
around, i.e. the primary bristle character scores were 
- used to provide a framework. on which the secondary character 
scores were hung. The final line order was the one whose 
interpretation gave tl-ie minimum total number of. factors for 
all four characters. No interpretation was uniquely correct 
and so to an extent the interpretations were arbitrary... 
Experimental conditions, material-available -and the amount 
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of work placed into scoring flies and lines influenced 
the results. 
Undoubtedly the data could have been interpreted 
in other ways, indeed on occasions it was necessary 
to give alternative interpretations of the data. A 
different combination of chromosomal sections would 
probably have enabled thedetection of other factors. 
For example no effect was detected in the fourth 
section of the C chromosome (4). Perhaps 	the 
presence of high sternopleural bristle chromosome at all 
other sites would have enabled the detection of factors 
within. this section. A different set of markers deline-
ating different sections may have enabled the detection 
of different effects. The same may have applied to a 
different background, since the size estimates of factors 
was often dependent upon the exact genetic background. 
Not only the other chromosomes, or even the other 
sections but also the rest of the section being examined 
might alter the size of the estimate of the factor. 
Environmental factors such as temperature, humidity, food 
media and crowding were not investigated but would have 
influenced phenotypic scores. 
The method has been at least partly successful 
in giving some idea of the number, size and interactions 
- of the factors involved in four bristle characters. 
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5) The C chromosome 
The investigation of the high sternopleural bristle 
C chrbmosome which was known to account for the difference 
in sternopleural bristle score between 40 and 16 bristles 
was shown to be due to at least 17 factors. Another factor 
on the extreme left end of the C chromosome was known to 
account for the difference between a score of 15 and 16 
sternopleural bristles. In the first study, that of C. 
all steps that could have been taken were taken, to 
maximise the power of detection. A large number of flies 
were counted per line, a large number of lines per 
chromosomal section collected, a specially constructed 
multiple recessive marker chromosome (ruseca) used in a 
high sternopleural bristle background to maximise inter-
actions. In this way it was shown that at least 17 sterno-
pleural bristle factors were involved, this figure almost 
certainly being an underestimate. How seriously this was 
an underestimate was difficult to know. Over 30,000 flies 
had been scored for sternopleural bristle score to 
achieve, this minimum estimate. Generally, however, it is 
to be expected that the more effort placed into the 
detectioncI quantitative characters the larger the number,  
of factors will be detected. 
The use of Esterase-6 and subprimal bristle factor 
sp during the investigation of the second section showed 
that the method used was sufficiently conservative to 
enable the assumption of sternopleural bristle compleinentarity 
to remain.inviolated. This was:also -true for the comparisons 
of parental and extreme recombinant scores. 
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C 1 (3 - 0 to 26 cM). This section was shown to contain 
at least 4 sternopleural bristle loci, though the factor 
associated with ye did not differ between C and ruseca. 
The isolated first section also included a certain 
amount of overlap into the second section which included 
the sternopleural and subprimal bristle factor to the 
right of the se locus. Within the first section there 
was at least a single negative ocellar, two scutellar and 
4 sternopleural bristle factors* 
C 2 (3 - 26 to 44 cM). This section carried at least 5 
sternopleural bristle factors including a large factor at 
3-26.5 + 0.3 cM, 2 ocellar bristle factors (one of each 
direction), 3 scutellar bristle factors (one of which was 
negative) and at least 5 subprimal bristle factors, one 
of which was sp (3-32.9 .i. 0.9 cM). C 2 was thought not to 
overlap with C 1 but to partially overlap with C 3, the 
overlap carrying a single subprimal bristle factor 
reducing the total to 4 subprixnal bristle factors within 
the second section. Sternopleural and ocellar bristle 
factors appeared additive whilst subprimal and scutellar 
bristle factors showed epistasis. 
C 3 (3-44 to 62 cM). This section carried at least 5 
sternopleural factors but due to partial overlap with 
C 2 this reduced the estimate to at least 4 sternopleural 
• 
	
	bristle factors within the third section. There were at 
least 3 positive subprimal and 2 ocellar bristle factors 
(one of each direction) within the third section. No 
scutellar bristle activity was detected. 
132. 
C 4 (3-62 to 71 CM). This section did not appear to carry 
any sternopleural bristle number activity and so was not 
investigated further. 
C 5 (3-71 to 101 cM). This section was only scored for 
sternôpleural and subprimal bristles. At least 5 sterno-
pleural and 1 subprinial bristle factors were detected. 
Synthetics. As the separate sections were known to over-
lap at least for some sternopleural bristle factors it was 
difficult to know whether the marked interaction shown by 
sections 1 and 2 with 5 was due to the same factor or not. 
The only significant interactions detected were these and 
between 1, 3 and 5. Indeed it was possible to suggest 
that all interaction could have been due to interaction 
with the sternopleural bristle factor at 3-26.5 ± 0.3 cM 
which was known to be carried by both sections 1 and 2. 
The minimum total number of factors estimated to 
be responsible for the difference between C and ruseca 
were 17 sternopleural, 8 scutellar, 5 ocellar and 5 
scutellar bristle factors (Table 20), 1 of the scutellar 
and 3 of the ocellar bristle factors were negative,, all 
other factors being positive. Sternopleural and subprimal 
bristle scores were strongly positively correlated 
implying either pleiotropy or linkage disequilibrium in 
the base 1 Kaduna population. There was no such relationship 
implied by any other combination of characters.. 
The investigation of the second section of high 
sternopleural bristle chromosomes was carried out on 
three separate occasions. Piper (1971) collected 19 st 
not se recombinant lines with 60 flies 'c6un.ted per line. 
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Chromosomal Length Sterno- Sub- 
Section cM pleurals prixnals Ocellars Scutellars 
C 1 ye-se 26 3(4)* 0 1 2' 
C2se-st 18 5 4 2 3 
C 3 st-sr 18 4 3 2 0 
,C5e-ca 30 5 1 - - 
Total 17(18)* 8 .5 5 
* including effect at ye locus 
Chromosomal Length Sterno- Sub- 
Section cm pleurals primals Ocellars Scutellars 
N41'1 ye-se ,' 	26 2 2 2 1 
N41 2.se-st 18 2 3 	' 1 0 
N41 3 st-? , 1 	- 2 .1 0 
In(3R)Mo 38 1 1 1 1 
influenced 
Total 6 8 5. 2 
Chromosomal Length Sterno- Sub- 
Section cm pleurals primals Ocellars Scutellars 
dive-se 26 1 0 2 0 
d2se-st 18 2 2 2 0 
d5e-ca 	' 30 0 0 1 0 
Total 3 2 5 0 
Chromosomal Length Sterno- Sub- 
Section cM pleurals primals Ocellars Scutellars 
Hlve-se 26 1 1 
Table 20. The minimum number of factors for each character 
for each section from both investigations. 
- indicates character was not examined. 
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Piper investigated a high sternopleural bristle scoring 
chromosome, K13 , isolated from the Kaduna population. K 13 
carried as much effect as C in the second section, showing 
that this concentrated sternopleural bristle section 
existed prier to selection. Briscoe collected 37 st not 
se recombinant lines with 80 flies counted per line, using the 
same high chromosome line source as in the present 
study. In the present study 51 St not se and 54 se not 
st recombinant lines with 100 flies per line were scored. 
Despite the varying amount of effort placed in these 
three investigations, with the exception of Piper's data 
which when analysed using a 'corrected for vial effects' error 
term which reduced the number of sternopleural bristle 
factors to four, detected at least 5 sternopleural and 2 
scutellar bristle factors. The present investigation 
actually detected at least 3 scutellar bristle factors 
in this section. It would seem therefore that the much 
greater- . effort placed in the investigation of the second 
section did not result in a much greater return in located 
factors. The similarity in estimates of the factor sizes 
may be a function of the statistical techniques used, 
rather than a genuine reflection of the number of factors. 
Alternatively it may be that all three investigations were 
effectively at the same level of detection efficiency. 
Piper's study showed that the important second section of 
C already existed in its high scoring form prior to 
selection. 
The results from the fifth section of C were 
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particularly interesting. This section alone showed 
no effect but in the presence of the second section ofC was sho 
to contain at least 5 factors. This was no doubt, at 
least in part, due to a scale effect, but not 
entirely, and so indicated the presence of linked factors 
of the same type of interaction. 
Pleiotropy 
It was not possible to differentiate between very' 
tight linkage and pleiotropy, although there were occasions 
when it was possible to distinguish looser linkage and 
pleiotropy by 'the occurrence of a recombinant showing that 
a crossover event had separated the effect of the two 
characters. An example of this was given in Table 16 where 
the sternopleural and subprimal bristle effects associated 
with the st locus can be largely separatedwith the sterno-
pleural bristle factor to the left and the subprimal factor 
to the right of the st locus. On the other hand the sterno-
pleural and subprimal bristle effects associated with the 
se locus seemed to be largely inseparable (Table 21) and so 
represents .a good candidate for a pleiotropic factor. 
Indeed the strong positive correlation between the scores 
for these two characters indicated that either there was a fair 
degree of pleiotropy or linkage disequilibrium in the base 
'Kaduna' population. 
During the interpretation of the results no additional 
consideration was paid to discriminating between pleiotropy 
and linkage. Examination of the data in such a way that 
the estimate of the minimum number of factors involved was 
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not the most important consideration would have been 
possible, in order to consider pleiotropy. For example 
sp (3-29 ± 0.9 cM) large subprimal bristle factor (3 
bristles) was not interpreted as a pleiotropic factor for 
sternopleural bristles, but an effect of nearly 1 sterno-
pleural bristle could have been ascribed to it (the same 
in both recombinant classes). 
Given the highly conservative nature of the statis-
tical technique used, there must be more factors present 
than were detected and so the chances for pleiotropy 
greater. Whilst difficult to prove pleiotropy was 
indicated on occasion and could have been invoked on many. 
Wherever on the figures illustrating the results the same 
points have been enclosed for both characters, then there 
is a chance that this reflects pleiotropy, lack of 
encirclement of the same points for both characters does 
not indicate that pleiotropy was not present but that it was 
not necessary to invoke pleiotropy. 
The results from the Spickett;-like attempt to 
locate factors through their effect on changes in sterno- - 
pleural bristle pattern indicated that the factors were 
pleiotropic. Spickett (1963) showed that there were 
different component characters making up the 'compound 
character sternopleural bristle number. The failure of 
the present, investigation to detect individual factors 
which influenced only one of the component characters, 
indicated that the factors that were isolated were 
pleiotropic, influencing all the different components of 
the character to the -same degree. 
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The bristle effect. associated with the se locus 
The estimates of the sternopleural and subprimal 
bristle factors associated with the se locus, taken from 
the different investigations are shown in Table21. The 
selLst - experiment indicated that the effect associated 
with the selocus on the C chromosome could be split into 
two, with an effect of about 3 sternopleural bristles at 
3-26.5 + 0.3 and a further effect of about 2 sternopleural 
bristles to the left of, but tightly linked to the se 
locus. What is immediately apparent from Table 21 is 
the diversification of estimates of sternopleural and 
subprimal bristle factors detected. However, given the 
interpretation derived .from the 'sehst experiment, the 
diverse material sources and the detection method used 
this is perhaps not too surprising. For all third 
chromosomes examined a sizeable sternopleural and sub-
primal bristle factor was found to be associated with the 
se locus indicating the likely conclusion that the effect 
was due to pleiotropy. 
In Table 22 are shown the mean across reciprocal 
classes of the estimates from all four investigations. 
The C 1-data can be corrected for by taking into account 
the se h st data. Now the estimates are not too dissimilar, 
especially when allowing for the diverse sources of the 
material. The low subprimal bristle score from the C 2 
section indicated a far lower factor than the other 
sections, indicating that there was probably more than 



















se h st 
Cl not ve 31 
Cl not sé 20 
Cl not ve 20 
Ci not se 33 
C 2 not se 51 3.52 0.70 
C 2 not St . 53 3•53 1.20 
C2 not se-L.P.19 .4.51 -, 
C2not se-D. B. 37 3.60 - 
N41 1 not ye 34 	. 3.60 2.77 
N41 1 not se 11 2.95 1.73 
N41 2-not se 14 4.06 3.46 
N41 2 not at 15 	. 3.98 3.44 
d 1 not ye 9 3.74 2.86 
d 1 not Se 7(3) 3056 2.60 
d2 not Se ., 10 3.45 2.52 
d2 not st 10(8) 4.15 5.78 
H 1 not ye 7(4) 4.42 4.93 
H 1 not se 3 	. 4.13 4.13 
TABLE 22 . 
Sterno- Sub- 
Chromosome Section N 	pleurals primals 
(5.12) 
C 1 104 2.70 3.60 
C 2 104 3,55 0.95 
N41 1 45 3.28 2.00 
N41 2 29 4.02 3.45 
d 1 16 3.65 2.73 
d 2 20 4.58 2.52 
Fl 1 10 3.80 4.53 
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that both sternopleural bristle factors were pleiotropic 
for subprimal bristle effect. C was presumed to carry both 
whilst N41, d and H were assumed to carry only one, 
probably the factor at 3-26.5 cM, but this was not certain. 
The presence of two closely linked sternopleural 
bristle factors on the C chromosome, either side of the 
se locus, suggested, along with the hypothesized 
occurrence of just one of the factors on the ocellar 
bristle selected chromosomes, that the two factors had 
both been present singly in the Kaduna population. 
Selection for high and low sternopleural bristle number 
had converted repulsion to coupling phase linkage. A 
- 	similar model had been suggested by Wolstenholme and 
Thoday (1963) and Thoday and Spickett (1964) to explain 
the accelerated response exhibited by the selected lines 
of Breese and Mather (1960). 
Since all chromosomes carried at least one large 
sternopleural bristle factor associated Wiikthe se locus, 
it was either response at other loci and/or a conversion 
from repulsion to coupling phase linkage that was 
responsible for the response to selection for sternopleural 
bristle number. Piper's (1971) finding that K 
13'  a high, 
but unselected, sternopleural chromosome carried as high a 
sternopleural bristle effect as C, confirms the view that 
the selection response of the high sternopleural line had 
been largely due to changes at other loci. 
In answer to the question 'how many genes are 
involved in the control of sternopleural bristle number 
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between the third chromosome of C and ruseca in the 
standard background? The answer was at least 17. 
There are, of course, many more than 17 loci involved 
in the control of sternopleural bristle number in'the 
Kaduna population. The third chromosome C being a 
single sample of the third chromosomes available, and 
Whilst it was hoped it and the ruseca chromosome 
differed at most relevant loci, it was unlikely to be 
at all relevant loci. The third chromosome carries only 
half the bristle effect, one might therefore suggest 
that there are at least as many loci again on the other 
chromosomes. This would give a conservative estimate 
of about 40.loci being involved. Given the highly 
conservative nature of the technique this figure could 
say be doubled implying say 80 loci. I am of the 
opinion that sternopleural bristle score is probably 
controlled by at least 40 genes and almost certainly 
more. 
6)The ocellar bristle selected chromosomes 
It was not possible to detect which of the extra 
problems associated with the ocellar bristle experiments 
were responsible for the less successful results. Almost 
certainly they all contributed to making the results far 
from satisfactory. The lack of importance of the third 
chromosome to the high ocellar bristle lines 2 response 
to selection was particularly noticeable as only the 
first section carried any effect of the right direction. 
Generally fewer factors were detected and there were 
greater problems in their interpretation. A probable 
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lack of ocellar bristle complementarity was detected in 
the first section of the N41-chromosome. 
N411(3-0 to 26 cM). This section .carried a 
negative sternopleural and a positive ocellar bristle 
factor and so could not be analysed with confidence. None-
theless it must have carried at least 2 sternopleural, 
2 ocellar, 2 subprimal and 1 scutéllar bristle factors. 
There' appeared to be an overlap of the first with the 
second section with 1 sternopleural and 1 subprimal bristle 
factor probably in the second section. 
N41 2_(3-26 to 44 cM). This section carried at least 
3 subprimal, 2 sternopleural, 1 negative ocellar and no 
scutellar bristle factors. 
N41 Third section (3-44 to ? cM). This section 
carried at least a single negative ocellar, positive 
sternopleural and scutellar and probably one of each 
direction subprimal bristle factors. Locations were not 
possible due to the unknown left end of this section 
determined by the influence of In(3R)Mo. 
N41. The rest of this chromosome segregated as a 
single unit because of In(3R)Mo. It was found however 
that it carried activity for all four characters and so 
must have carried at least one factor for each character. 
N41 in total must have carried at least 6 sterno-
pleural, 8 subprimal, 5 ocellar and 2 scutellar bristle 
factors (Table 20.). No synthetics were made. 
dl (3-0 to 26 cM). This section carried at least 
2 sternopleural bristle factors, one of which along with 
the single subprimal bristle factor was assumed to be due 
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to overlap into the second section, being the factor at 
3-26.5 + 0.3 cM. 2 negative ocellar and no scutellar 
bristle factors were required. 
d2 (3-26 to 44 CM). This section carried the 
sternopleural/subprimal bristle factor associated with the 
se locus along with one factor more of each character, at 
least 2 negative ocellar bristle factors and again no 
scutellar bristle factors. 
d 3 and 4 (3-44 to 71 cM). These sections did not 
appear to carry effect of the right direction and so were 
not investigated further. 
d5 (3-71 to 101 cM). This section appeared to 
only carry a single negative ocellar bristle factor. 
d This low ocellar bristle chromosome carried at 
least 3 positive sternopleural, 2 positive subprimal and 
5 negative ocellar bristle factors. No scutellar bristle 
activity was detected and no synthetics between the 
different sections made. 
H 1 (3-0 to 26 cM) This was the only section that 
appeared to carry plus ocellar bristle effect and so was 
the only section analysed further. This section carried 
at least one factor for each character including the large 
sternopleural/subprimal bristle effect associated with the 
se locus and a positive ocellar bristle factor. 
In the second study, that of the extreme ocellar 
bristle chromosome, far less suitable material was used 
and far less work put into l the assay of each chromosome, 
resulting in fewer factors being detected.' As many 
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ocellar bristle factors were detected on the low ocei.lar 
bristle third chromosomes as on the C chromosome. 
7) General Discussion 
The generations of original selection had been 
largely successful in ensuring that factors of only one 
direction remained on the selected chromosomes. There 
were by chance, no doubt, loci at which effects of the 
opposite direction had been fixed and these would have 
determined a level of detection beyond which no amount of 
extra work could have gone. The first section of N41 was 
the only chromosomal section to show significant lack of 
complementarity of primary bristle effect. 
One interesting observation was that on many 
occasions the detected factors appeared to be at marker 
loci, which would not normally be expected as the 
greatest uncertainty of complementarity was expected at 
and close to the marker loci. This was often shown to be 
due to the fact that, even after 7 generations of back-
crossing to rUSeCa with appropriate selection, tere still 
remained contaminating effect due to overlap between 
sections, e.g. C 1 and C 2 overlapped. The method 
used resulted in the contamination effect being plotted 
as if it were at the marker loci. 
The present study gave little idea of gene 
frequencies of the factors in either the selected lines 
or in the base KadUda population. This was because many 
chromosomes would have to be sampled to give gene 
frequencies, the amount of work involved preventing this. 
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- As a very general observation it appeared that the 
chromosomal sections either side of the se locus were the 
polygenically most active, i.e. sections 1 and 2, which 
seemed to indicate that the left arm was more important 
than the right arm, with regard to response to selection. 
Fisher's (1958) expectation of 'gene complexes' 
appeared to, be partly supported, with at least some 
sections of concentrated effects being found. The 
biometrical condition of all polygenes being of equal size 
was not supported. The method used could be used to 
distinguish between 2 or 3 factors controlling a quantitative 
character difference but could not distinguish between say 50 
and 150 factors. Whether the counting of more flies per 
line and of more. lines would have resulted in more clear 
results is debatable. Possibly significant gaps would have 
opened up in the line distributions indicating unambiguous 
bristle factors. Alternatively the effects were too small 
and numerous to be detected individually regardless of the 
amount of effort that could be exerted. Whilst the 
results -were consistent with there being say twice the 
minimum number of genes present there could as easily have 
been many times this involved. There could not have been 
fewer factors involved. 
I hold the view that probably every locus has an 
effect on every character, since they together make up a 
highly complex organism. However, a change at most sites 
whilst sending, out waves of change through the genome will 
have an insignificant effect on the character under 
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consideration. There are a few factors (10 2 s) with 
individually significant effects on quantitative 
characters. The remainder together will be important but 
are individually too small and unimportant for detection. 
The best position possible would be to be able to account 
for say 80% of the total genetic variance with located 
factors. 
In the present study practically the whole of the 
sternopleural bristle difference between C and ruseca 
has been accounted for, either through located factors 
or interactions between factors (Table 15). The ocellar 
bristle line differences were less well accounted for. 
Robertson (1967) suggested a new approach to predicting 
responses to selection, if only a comparatively few loci are 
involved, requiring a description of genetic variance in 
terms of individual loci. This approach requires the 
knowledge of the' - type of gene action (dominance, epistasis), 
the size of effect, linkage relationships with other genes 
and gene frequencies. Where this method would be at an 
advantage over conventional selection methods would be in 
sex-limited and low heritability traits, in terms of 
increasing rates of response.Smith (1967) pointed out 
that great care must be taken if such effort is not to be 
misdirected, resulting in a negative response b selection. 
Although the change in gene frequencies by selection 
will change the genetic variation making predictions usually 
not useful for more than 5 generations (Robertson 1970a) 
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short term predictions may be long enough with animal 
breeding of large domesticated species with long generation 
intervals and fluctuating market requirements. However, the 
failure of long term selection limit predictions has high-
lighted the need for a greater understanding of the genetic 
architecture of quantitative characters. The limits to 
selection are artefacts of the method of selection. 
Poul.try are the most likely commercial species of 
animal for which the method used in this work could be 
adapted. There are only 6 major chromosomes, many markers, 
extreme selected lines for quantitative characters and a 
high reproductive rate with comparatively short generation 
interval. One property lacking is that of no crossing-over 
in males and no special chromosomes to prevent crossing over 
in females, for chromosomal manipulation. 
The effects of major genes on animal breeding 
strategies have been reviewed by Smith and Webb (1981). 
The detection of genes with large effects on performance 
traits has not been common, an important exception is the 
halothane reaction gene in pigs and its effects on porcine 
stress syndrome (PSS) and many performance traits. 
In the future the technique may be improved by 
the additional use of many more markers. For example 
the transposable element polymorphisms, these multi-gene 
family polymorphisms may enable a more accurate estimate 
of the crossover positions, perhaps even enabling the 
isolation of sufficiently short known sections to enable 
the dropping of the complementarity condition. 
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The results from this study were compatable with 
my earlier held view that quantitative characters were 
probably controlled by a few important major effects 
supported by a host of smaller effects of diminishing' 
influence on the character. 
The examination of Diagram 35 shows that there is 
a peak of effects detected with sizes 0.3 to 0.7 . The 
statistical technique used was' not capable of detecting 
factors with effects of less than about 0.2 op. It seemed 
that genes with individual effects of less than about 
0.4 .óp would not usually be detected individually. This 
threshold of detection is a function of the statistical 
method used. Some of the factors detected in the present 
study would have been closely linked groups of genes of 
smaller individual effects. 
The chances of a gene being fixed during selection 
is dependent on its size, the larger a gene is the more 
likely it will be fixed. 
S = i 	 Falconer (1960) 
S = selection coefficient 
dp = phenotypic standard deviation 
i = intensity of selection 
2a = difference in homozygotes' score. 
Diagram 35 shows the distribution of factors detected 
in p units. The chance of their fixation during selection 
will depend on the intensity of selection and their size. 
For example selecting the top 2075, p = 20%, gives an i of 
0.842, the largest' factor detected had a score of 1.83 6p 
which would have a selection coefficient of 1.54. 
Fre 
Dag.35 
A histogram of the distribution of factors controlling sterno-
pleural, subprimal and ocellar bristles, located in the present 
study. 	All the top 7 largest factors were estimates of the 
sternopleural and subprimal bristle factors associated with the 
se locus. 	The statistical method had ascertainment problems 
below about 0.4ap, such that genes below this size were usually 
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suTnazy and Conclusicxi 
In the case of the bristle characters studied it 
was concluded that: 
There were important located individual factors involved 
in the control of some quantitative characters, e.g. 
(3-32.9 cM) and the sternopleural bristle factor at 
3-26.5 cM. This indicated that not all the genes controlling 
quantitative characters were small and equal in size, however, 
the larger factors were uncommon. 
There were important concentrations of effect, e.g. in the 
second section of the C chromosome and indeed the C third 
chromosome itself,for sternopleural bristle number effect. 
There were important interactions between factors, for 
example sternopleural bristle effect was multiplicative 
between some sections and scutellar bristle score showed 
marked interaction within the second section of C. 
Most of the effect could be located toa chromosomal 
section or interaction between sections, for sternopleural 
bristle score. 
It was possible to derive an estimate of the minimum 
number of factors involved in a quantitative character 
difference. For example C and ruseca differed by at least 
17 sternopleural, 8 subprimal, 5 ocellar and 5 scutellar 
bristle factors. 
A combination of less suitable experimental material and 
less effort reduced the power of detection, fewer factors 
being detected on the extreme ocellar bristle chromosomes. 
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7) At least some located factors were probably pleiotropic, 
e.g. the sternopleural/subprimal bristle factor associated 
with the se locus (3-26.5 cM). 
Some of the major drawbacks involved were: 
The large number of flies that had to be scored to get 
an accurate estimate of a 	 score. 
The time consuming processes of a) manufacturing extreme 
scoring chromosomes and b) of manipulating and multiplication 
up of chromosomes prior to assay. 
The ambiguity of the results when scoring more than one 
character at a time. Only when major factors were located 
controlling the secondary characters could a positive re-
ordering of the primary characters scores be made. Otherwise 
the secondary characters were fitted within the primary cha-
racter score order. 
The statistacal technique used was highly conservative, 
underestimating the number of factors actually involved. 
Examination of Diagram 35 shows that there is a threshold 
value below which effects cannot be detected by the method 
used. This was at approximately O.3 p. 
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APPENDIX A. 
TABLE Al. C chromosome 
Mean CO Sternopleural 
Phenotype Position bristle scores 
0+1 0 39.38 










ye se St 53 16.56 
53 16.30 
53 17.52 
ye se at sr 66 16.00 
66 16.54 





- 86 16.94 
'ruseca' 100 16.34 
Mean Co Sternopleural 
Phenotype Position bristle scores 
'ruseca' 	0 	16.34 
sestsreca 13 	- 	16.40 
13 16.44 
13 	16.80 






Sr e ca 	53 32.18 
53 	28.78 
- 	 53 30.76 




ca 	 86 	30.96 
86 30.48 
86 	35.14 
t1 	100 39.38 
n = 25. 
TABLE A2 Cl 
se not ve ve not se 
n 56 n 50 n 50 
line St line St line St line 	Old 	New 
ruseca 16.34 ruseca 16.34 . 3 	21.32 	21.07 
28 15.92 8 20.61* 6 22.34 5 21.06 	22.94 
23 15.93 31 20.79* 21 22.44 7 	20.97 	21.30 
9 16.00 7 21.14* 4 22.45 8 20.33 	20.89 
29 16.13 3 21.20* 36 22.54 10 	22.59 	23.42 
24 16.17 17 21.28 11 22.59 12 23.05 	23.46 
4 16.26 22 21.48 16 22.60 23 	21.06 	22.92 
10 16739 9 21.54 24 22.71 30 21.87 	21.24 
12 16.41 30 21.56* 35 22.83 31 	20.79 	21.11. 
2 16.42 25 21.69 18 22.88 
27 16.45 19 21.70 .10 23.01* Recounts on ye 
11 16.48 28 21.71 33 23.02 not se lines 
26 16.48 1 21.82 12 23.26* 
7 16.60 2 21.85 1/1 21.97 
1 16.62 13 21.96 
61667 23 2199* S = 0.30 Abbreviations 
22 16.68 5 22:00* 
16 16.74 34 22.02 N = 33 
5 16.78 29 22.08 n = no.of flies per sex per line 
14' 16.98 14 22.11 N= no. of lines 
13 17.00 . 27 22.13 = St = Sternopleurals 
1/1 21.97 32 22.32 Sp = Subprimals 
Oc = Ocellars 
SR = 0.183 
Sc = Scutellars 
N 	=20 
se not ye . ye not se 
No. of Mean No.of ,  Mean 
lines Score Difference Location lines Score 	Difference 	Location 
18 16.39 0 16.34 
2 16.99 0.60 18 8 21.20 4.86 	 33 
0 21.97 4.98 20 25 22.31 1.11 25 
OR OR 
6 16.11 0 16.34 
14 16.62 0.51 6 14 21.45 5.11 	 33 
o 21.91 5.35 20 19 22.46 1.01 19 
TABLE A4C ye  (N=7) 
No.of 	Mean 
lines Score Difference 	Location 
3 	36.24 
St 3 38.18 	1.94 	 4 







13 35.89 9.80 
15 36.24 9.45 
10 36.59 9.90 
4 37.69 9.95 
8 38.39 9.05 
3 38.45 8.45 
6 39.33 9.45 
C 40 - 
SR = 0.395 	STC = 0.520 
TABLE A3. Li 
se not ye (N=31) 
- 	 n 25 - 	 25 25 25 
line St Sp Oc Sc 
ruseca 16.34 2.08 7.50 4.02 
V24 15.92* 2.34 6.92 4.34 
25 16.20 1.78 6.82 4.12 
10 16.28 1.98 6.88 4.08 
15 16.36 2.16 7.12 4.04 
28 16.44 1.92 7.34 4.14 
7 16.46 2.08 7.08 4.02 
21 16.48 2.04 6.92 4.04 
19 16.58 1.92 6.94 4.02 
14 16.66 1.64 6.84 4.14 
5 16.70 2.12 7.44 4.08 
6 16.72 2.34 7.42 4.06 
20 16.72 1.74 6.86 4.12 
31 16.72 1.98 7.20 4.04 
12 16.80 2.20 7.38 4.10 
8 17.00 2.08 7.08 4.02 
16 17.16 1.92 7.24 4.20 
11 16.36 1.86 6.50 4.18 
27 16.38* 1.78 6.50 4.04 
22 16.64 1.90 6.82 4.18 
4 16.82 1.88 6.58 4.08 
1 16.86 1.92 6.78 4.12 
29 16.93 2.02 6.56 4.12 
2 17.04 1.94 6.66 4.04 
17 17.06 1.92 6.64 4.12 
18 17.10 2.00 6.22 4.20 
13 17.16 2.16 6.68 4.04 
3 17.44* 2.00 6.70 4.10 
23 17.59* 2.04 7.04 4.10 
26 16.48 1.92 6.50 4.32 
9 16.74 1.96 6.64 4.22 
V30 17.04 1.82 6.52 4.24 
1/1 21.97 5.64 6.40 
S 	0.282 	0.176 0.180  
No. of lines score difference location 
4 16.22 
St 27 16.82 0.60 4 
0 21.97 5.15 31 
S p 31 1.98 0 5.64 3.66 31 
0c 16 7.12 15 6.61 -0.51 16 
28 4.09 
Sc 3 4.26 0.17 28 
0 5.06 0.80 31 
ye not se (N=20) 
a 25 25 25 25 
line St Sp Oc Sc 
ruseca 16.34 2.08 7.50 4.02 
S23 21.24 5.46 7.42 4.12 
9 21.42 6.30 7.56 4.04 
8 21.70 5.86 7.30 4.06 
2 21.80 6.00 7.28 4.10 
18 21.16 5.60 7.60 4.22 
22 21.24 5.78 7.42 4.14 
20 21.62* 5.82 7.42 4.26 
15 20.31* 4.96 6.54 4.16 
5 20.87* 5.30 7.06 4.28 
21 20.94 5.40 7.16 4.24 
3 21.00 5.22 6.76 4.30 
14 21.22 5.82 6.80 4.40 
7 21.30 5.86 6.60 4.22 
10 21.34 5.64 6.82 4.32 
19 21.52 5.28 6.82 4.26 
13 21.56 5.96 7.08 4.14 
6 21.90 5.64 7.16 4.32 
17 21.92 5.70 7.08 4.32 
11 21.96 4.74 6.94 4.30 
S12 21.98* 5.84 7.32 4.18 
1/1 21.97 5.64 6.40 5.06 
S 	0.381 	0.308 0.189 
Line Old New 	 = 50 
S5 20.94 20.80 
S12 21.42 22.54 
S15 19.96 20.66 
S20 21.08 22.16 
V3 17.44 17.44 
V23 17.74 17.44 
V24 15.92 15.92 
V27 16.60 16.16 
V29 17.12 16.74 
No. of lines score difference location 
St 	o 	16.34 20 21.42 	5.09 	20 
0 	2.08 Sp 	- 20 5.61 3.53 	20 
Oc 	7 	7.44 13 6.90 	-0.54 	13 
4 	4.07 
Sc 16 4.25 	0.18 	16 
0 	5.06 0.81 0 
N = 51 
No.of lines 	Mean Score Difference Location 
2 16.41 
13 19.93 3.52 2 
13 21.06 1.13 - 15 
St 13 22.21 1.15 28 
9 23.37 1.16 41 
1 25.23 1.86 50 
19 2.87 
25 6.22 3.63 19 Sp 
. 	 7.53 1.31 44 
0 9.46 1.93 51 
OR 
2 2.27 
17 2.97 0.70 2 
Sp 25 6.22 3.52 19 
7 7.53 1.31 44 
0 , 	 9.46 1.93 51 
4 7.75 
Cc 39 7.48 -0.27 4 
8 8.08 0.60 43 
23 4.17 
25 4.39 0.22 23 Sc 2 5.20 0.81 48 
1 4.71 -0.49 50 
TABLE A5. 	C2 St not se 
n 50 25 25 50 
line St Sp Oc Sc 
ruseca 16.34 2.08 7.50 4.02 
E49 16.41 2.48 7.90, 4.06 
50 16.47 2.26 8.20 4.06 
51 19.48 37 7.50 4.16 
18 19.46 2.96 7.64 4.01 
1 19.60 2.82 1.44 4.23 
10 19.75 2.76 6.94 4.00 
33 19.83 3.06 7.34 4.12 
40 19.83 2.86 7.34 4.22 
24 19.89 2.64 7.82 4.24 
13 19.96 3.28 7.22 4.15 
32 20.08 2.58 8.02 4.'26 
30 20.14 2.96 7.22 4.15 
22 20.19 2.92 7.38 4.13 
26 20.36 2.82 7.78 4.14 
31 20.37 3.28 7.30 4.42 
34 20.56 2.60 7.56 4.16 
35 20.64 3.40 7.22 4.07 
57 21.03 3.12 7.60 4.17 
Sp 21 21.07 3.04 7.92 4.40 
53 20.69 5.92 7.58 4.33 
14 20.90 5.56 7.28 4.21 
25 21.02 5.50 7.52 4.28 
37 21.09 5.92 7.58 4.08 
43 20.91 6.22 7.46 4.51 
2 21.12 6.02 7.70 4.36 
56 21.56 6.20 7.18 4.41 
8 21.57 6.48 7.36 4.64 
27 21.64 6.38 7.10 4.17 
4 21.91 6.12 7.34 4.55 
44 21.94 5.50 7.74 4.29 
46 22.02 6.48 7.80 4.47 
9 21.81 6.72 7.28 4.35 
42 21.81 6.94 7.58 4.31 
Est6 45 22.28 7.08 7.34 4.38 
F15 21.70 6.80 7.56 4.16 Est6 23 22.74 6.86 7.78 4.48 
5 22.88 6.84 7.88 4.20 
36 22.06 5.72 7.44 4.35 
16 22.07 5.54 7.36 4.18 
38 22.71 6.10 7.44 4.68 
. 28 22.80 5.54 7.36 4.34 
54 Z2.94 6.14 7.74 4.44 
41 22.95 6.46 7.20 4.50 
17 23.15 6.48 T 4.47 
3 22.91 7.64 7.78 4.34 
58 23.19 7.26 7.92 4.35 
55 23.60 7.10 8.10 4.57 
47 23.74 7.78 8.50 4.21 
48 23.66 7.44 8.00 5.30 
12 24.17 8.02 8.18 5.09 
E 	6 4.93 7.48 7.88 4.74 
2/2 25.52 46 8.13 '4.67 
S 	0.255 	0.227 0.189 




E 49 10.86 1.98 
50 10.74 2.02 
51 13.30 2.64 
18 12.92 2.50 
1 13.42 2.58 
33 14.24 2.64 
40 13.18 2.70 
24 13.38 2.70 
13 13.40 2.50 
32 13.06 2.74 
30 13.66 2.58 
22 13.86 2.48 
26 13.78 2.76 
31 13.62 2.84 
34 13.78 2.76 
35 14.46 2.54 
57 14.24 2.78 
sp 21 14.60 2.58 
53 14.44 2.38 
14 13.94 2.62 
25 14.32 2.54 
37 14.32 2.66 
43 14.26 2.60 
2 14.36 2.52 
56 14.44 2.68 
8 14.30 2.80 
27 14.68 2.58 
4 14.96 2.92 
44 14.68 2.86 
46 15.48 3.10 
9 14.52 2.60 
42 15.22 2.84 
Est6S 45 15.18 2.86 
F EStu 15 15.52 2.32 23 15.48 2.74 
5 16.22 2.84 
36 15.32 2.54 
16 15.04 2.98 
38 15.66 2.90 
28 15.60 2.76 
54 15.60 3.16 
41 15.72 2.76 
17 16.28 3.20 
3 15.46 2.92 
58 15.92 3.16 
55 17.08 3.04 
47 16.48 3.48 
48 16.88 3.22 
12 17.42 3.12 
E 6 17.34 3.06 
n=25N=50. 
TABLE A7 C2 St not se 
D. Briscoe's 1973 data L. Piper's 1961 data 
n 45 	25 n 30 	100 
line St Sc line St Sc 
8 15.5 	4.04 sp se St 15.44 	4.06 
12 19.1 4.20 5 19.61 	4.22 
42 20.7 	4.20 6 19.67 	4.25 
2 20.0 4.28 17 19.92 	4.24 
11 20.1 	4.36 10 20.59 	4.47 
43 20.3 4.40 18 21.48 	4.47 
19 20.4 	4.24 11 21.66 	4.39 
29 20.6 4.24 14 21.71 	4.28 
41 20.6 	4.52 8 22.01 	4.40 
40 20.6 4.30* 20 22.45 	4.41 
38 20.8 	4.36 7 22.45 	4.72 
35 20.8 4.23p 4 22.85 	4.46 
1 21.1 	4.34 19 _2.1_ 4.36 
44 21.4 4.40 12 23.68 	5.25 
17 21.7 	4.32 9 24.14 	4.83 
16 21.8 4.30 2 24.47 	5.10 
18 22.2 	4.58 13 25.09 	5.09 
30 22.2 4.86 16 25.29 	5.22 	S 	= 0.286 
24 22.8 	4• 55* 1 26.23 	4.97 N 19 
Est-6 	33 23.2 4.50 3 
- 
27.00 	5.12  
Est-6F 45 21.8 	4.80 
37 22.0 4.34 
10 22.1 	4.62 
46 22.4 4.67 
34 22.8 	5.16 
7 22.8 5.00 - 
32 22.9 	5.42 
25 23.4 5.80* 	- 
31 23.6 	5.66 
21 23.6 5.48 
22 23.6 	5.30 
36 23.6 4.60* 
26 23.7 	5.62 	S- 0.334 
28 23.8 5.04 * n 
- 
5 or 10 
14 24.9 	4.78 
20 24.9 4.65* 	n =15 or 20 
27 26.2 	5.42 N=37 
No. of Mean No.of Mean 
lines Score Difference Location lines Score 	Difference Location 
1 15.50 0 15.44 
1 19.10 	3.60 1 4 19.95 	4.51 0 
12 20.62 1.52 2 St 	
4 21.72 1.77 4 
St 13 22.36 	1.74 14 5 22.97 	1.25 8 
9 23.90 1.54 27 4 24.75 1.78 13 
1 26.20 	2.30 36 2 26.66 	1.91 17 
OR 	S 	= 0.429** 
3 4.15 
Sc 21 4.44 	0.29 3 0 1544 
13 5.23 0.78 24 4 19:95 	4.51 0 
St 	8 22.25 2.30 4 
Est-6 	20 Est-6 20 5 24.53 	2.28 12 
17 2 26.66 2.13 17 
3 4.19 
Sc 	9 4.44 	0.25 .3 
7 5.08 0.64 12 
** allowing for a vial effect 4 4 factors 
not allowing for a vial effect -4 5, factors 
N = 54 
Mean 
No. of lines 	Score 	Difference Location 
0 16.34 
6 18.48 2.14 54 
7 19.60 1.11 48. 
St 27 21.04 1.44 41 
13 21.99 0.95 14 
1 25.52 3.53 1 
0 2.08 
13 2.92 0.84 54 
20 3.68 0.76 41 
Sp 20 6.66 2.97 21 
1 8.26 1.60 1 
0 9.46 1.20 0 
5 7.34 
1 8.92 1.58 49 
Oc 
7.51 -1.41 48 
41 8.20 0.69 41 
OR 
12 7.43 
42 8.22 0.79 42 
52 4.06 
Sc 	2 4.30 0.24 2 




4.67 0.60 0 
TABLE A8. 	C2 se not St 
n 50 25 25 25 
line St Sp Oc S  
ruseca 16.34 2.08 7.50 4.02 
CIO 17.92 2.76 6.94 4.00 
29 18.32 2.68 7.42 4.04 
22 18.39 2.64 7.48 4.00 
1 18.65 3.04 _2.L 4.02' 
23 18.68 3.14 - 9- 52 
50 18.89 2.82 7.34 4.00 
59 19.07 3.30 7.32 4.02 
8 19.09 2.76 7.72 4.00 
27 19.49 3.02 7.50 4.00 
7 19.67 3.30 8.00 4.00 
36 19.72 2.52 7.28 4.00 
35 19.98 2.97 7.12 4.00 
37 20.14 3.04 7.62 4.00 
19 20.35 3.54 8.74 4.02 
6 20.42 4.22 8.00 4.00 
28 20.43 3.96 8.30 4.00 
Est-6 S  40 20.69 3.88 8.20 4.02 
F 48 20.27 3.26 7.96 4.00 
Est_ 
	
60 20.58 3.26 8.14 4.00 
58 20.72 3.88 8.02 4.02 
30 20.74 3.50 8.60 4.02 
33 20.81 3.22 8.08 4.06 
12 20.92 3.26 8.18 4.02 
38 20.94 3.64 8.30 4.10 
44 20.96 3.62 8.08 4.04 
14 20.98 3.74 7.94 4.06 
15 21.00 3.40 8.54 4.04 
43 21.02 3.96 8.54 4.06 
20 21.10 3.62 8.18 4.02 
13 21.13 4.20 8.76 4.04 
2 21.37 3.92 8.20 4.18 
21 21.55 3.88 8.52 4.12 
Sp 	52 21.68 3.62 8.06 4.00 
53 21.18 5.98 8.36 4.12 
51 21.33 7.12 8.36 4.08 
45 21.38 6.86 7.90 4.08 
57 21.51 6.54 7.92 4.10 
46 21.53 6.70 8.12 4.12 
5 21.60 6.52 8.30 4.06 
16 21.65 6.38 8.16 4.18 
17 21.68 6.64 7.96 4.06 
39 21.69 6.68 8.44 4.02 
25 21.74 6.44 8.18 4.04 
9 21.77 7.04 7.90 4.18 
47 21.86 6.58 7.72 4.16 
11 21.87 7.16 7.88 4.20 
32 21.89 6.96 8.30 4.08 
56 21.96 6.26 7.96 4.08 
26 22.28 6.80 7.92 4.08 
- 	 42 22.30 6.62 8.24 4.16 
41 22.37 6.62 8.50 4.18 
31 22.61 6.92 8.16 4.12_ 
54 21.86 6.40 8.26 32 
C 	3 25.52 8.26 8.54 4.28 
2/2 25.52 L4 8.13 4.67 

















lines Score Difference Location 
0 15.86 
5 18.01 2.15 0 
7 19.67 1.66 5 
13 20.83 1.16 12 
TABLE A9. 	C3 




































N = 30  































N = 25 
TABLE AlO C3 
Sr not t(N2O) C3 St not 	sr(N13) 
n 50 25 	25 25 n 50 25 25 25 
line St Sp Oc Sc line St Sp Oc Sc 
ru5eca 15.81 1.94 	7.72 4.00 ruseca 15.81 1.94 7.72 4.00 
164 17.36 2.50 8.34 4.12 R71 - 15.97 1.58 7.78 4.00 
62 17.01 3.50 	8.26 4.04 62 16.00 1.54 7.72 4.02 
55 17.59 4.04 8.48 4.10 70 16.25 1.38 7.60 4.02 
79 18.83 4.00 	7.58 4.00 64 16.27 1.64 7.32 4.00 
72 19.51 3.90 8.24 4.02 60 16.33 2.12 7.22 4.00 
65 19.69 .4.82 	8.80 4.02 68 16.66 1.70 7.16 4.04 
69 19.91 3.64 8.16 4.00 51 16.65 3.30 6.82 4.02 
so 20.17 4.76 	7.70 4.00 53 16.74 2.88 6.54 4.00 
59 20.42 3.70 8.08 3.98 58 17.33 2.74 7.20 4.02 
81 20.59 3.70 	8.50 4.06 59 17.52 2.36 7.32 4.04 
56 20.18 5.94 8.04 4.00 63 17.67 2.46 7.46 4.00 
67 20.37 5.18 	8.48 4.00 65 17.82 3.02 7.46 4.00 
77 20.55 6.10 8.12 3.98 P.52 _19.67 5.60 6.94 4.00 
82 20.62 5.16 	8.22 4.02 3/3 20.99 6.30 8.18 3.98 
71 20.64 5.88 8.30 4.00 
58 20.76 5.888.20 4.00 
51 20.01 6.52 	7.16 4.00 S 
0.262 	0.212 0.185 
54 20.32 6.46 8.38 4.10 
59 20.42 6.44 	8.42 3.98 
152 20.57 7.52 8.02 4.06 
3/3 20.99 6.30 	8.18 3.98 
S- 0.259 0.330 	0.226 
No.of Mean No. of Mean 
lines Score Difference Location lines Score 	Difference 	Location 
0 15.81 8 16.30 
3 17.32 1.51 0 t 
4 17.59 	. 1.29 5 
St 
19.34 2.02 3 1 19.67 2.08 
14 20.43 1.09 6 0 20.99 1.32 0 
1 2.22 6 1.70 
9 4.01 1.79 1 6 2.79 1.09 7 
Sp 	
6 5.69 1.68 10 
Sp 
1 5.60 2.81 
4 6.65 0.96 16 0 6.30 0.70 0 
16 8.19 . . 3 7.71 
Oc 	1 7.16 1.03 16 Oc 10 7.14 -0.57 10 
4 8.25 -1.09 17 0 8.18 1.04 0 
TABLE All- C 2 + 5 
ca not e 	(N = 30) 	- C2 + 5 e not ca 	(N = 20) 
n 50 7 n 50 10 
line St Sp line St - 	Sp 
2/2 24.57 9.46 2/2 24.57 9.46 
29 23.40 6.71 1 23.71 6.75 
30 24.27 5.93 7 24.29 6.70 
6 24.51 7.33 12 24.65 7.80 
7 25.12 6.71 8 24.87 9.15 
9 25.46 7.35 21 24.97 7.80 
19 25.62 8.50 15 25.21 7.90 
36 26.25 8.15 3 25.35 7.60 
15 26.33 6.79 17 25.64 9.75 
25 26.42 8.57 20 25.67 8.00 
5 26.59 8.86 4 25.93 9.55 
10 26.78 8.43 27 26.85 7.95 
11 26.86 9.29 18 27.89 10.45 
28 26.;.,  8.15 19 28.57 11.20 
22 27.69 8.28 22 29.23 9.55 
8 28.10 7.50 36 29.63 9.00 
16 28.11 9.07 5 29.81 10.25 
2 28.16 7.07 29 29.90 8.90 
13 28.23 9.00 30 30.59 9.25 
24 28.29 11.07 11 30.93 8.90 
26 28.70 10.86 40 30.94 9.60 
20 29.09 10.29 25/25 29.84 
12 29.62 8.72 
21 29.75 9.50 S 	= 0.320 0.596 
4 29.89 9.14 
34 29.99 11.50 
33 30.09 9.58 
23 30.31 8.93 
3 30.44 9.21 
18 30.71 9.14 
32 31.30 9.71 
25/25 29.84 
S 	= 0.338 0.664 
No.of No.of 
lines Score Difference Location lines Score Difference Location 
3 24.19 1.68 3 5 24.51 1.05 15 
6 25.87 1.11 9 5 25.56 1.29 10 
5 26.98 1.40 14 st 
26.85 1.04 9 
st 
7 28.38 1.31 21 1 27.89 1.01 8 
2 29.69 0.67 23 2 28.90 1.33 6 
• 	7 30.36 6 30.23 
Sp 18 7.96 1.84 18 Sp 	7 7.90 1.51 13 
12 9.80 13 9.41 
TABLE Al2. N41 1 se not ye 
N . = 34 
No.of lines Mean Score Difference Location 
2 7.35 -1.30 2 
Cc 11 6.05 0.42 13 
21 6.47 
4 15.57 -6.86 4 
St 30 14.72 3.6 34 
0 18.32 
2 1.95 0.98 2 
Sp 2 2.93 -1.38 4 
30 1.55 2.27 34 
0 3.82 
29 4.05 Sc 4.24 0.19 29 
n 
line Oc St Sp S  
ruseca 7.60 15.81 2.01 4.02 
11 7.28 15.74 1.90 4.02 
16 7.23 15.12 1.94 4.04 
4 6.27 15.48 	2.54 4.04 
1 5.91 15.70 3.32 4.06 
2 5.49 14.92 2.08 4.06 
10 5.77 14.40 1.06 4.06 
15 5.95 14.78 1.62 4.10 
20 6.11 14.14 1.78 4.06 
30 6.14 14.80 1.88 4.04 
12 6.19 14.26 1.58 4.06 
17 6.22 14.98 1.02 4.02 
35 6.24 14.76 1.26 4.02 
29 6.27 14.10 1.78 4.04 	I 
23 6.30 15.40 1.42 4.08 
27 6.33 14.80 1.88 4.00 
36 6.36 14.68 1.40 4.02 
22 6.36* 14.64 1.74 4.08 
26 6.39 14.68 2.06 4.02 
13 6.40 14.90 0.96 4.12 
37 6.41 14.64 1.68 4.02 
33 6.49 14.92 1.96 4.06 
24 6.49 14.70 1.12 4.10 
18 6.49 14.30 1.56 4.04 
5 6.54 14.60 1.26 4.04 
19 6.55 14.64 1.74 4.06 
38 .6.57 14.56 1.60 4.04 
34 6.60 14.90 1.44 4.12 
21 6.63 14.64 1.36 4.00 
25 6.75 14.90 1.84 4.14 
6 6.72 14.40 1.02 4.24 
32 6.41 15.06 1.76 4.22 
7 6.37 15.42 2.02 4.22 
14 6.33 14.68 1.08 4.26 
31 628 15.04 1.54 4.26 
1/1 6.59 18.32 3.82 4.26 
S 3i 0.128 	0.258 0. 
TABLE A13 N41 1 ye not se 
N411 ve not se(N=1l) 
n 75 25 25 25 
line Oc St Sp Sc 
ruseca 7.60 15.81. 2.01 4.02 
19 7.31 18.76 3.40 4.04 
16 7.42** 20.54 4.08 4.16 
5 7.39 19.42 4.52 4.00 
15 7.44 19.52 4.86 4.00 
12 7•55* 20.32 4.80 4.10 
92 7.06 21.04 5.68 4.08 
20 6.87 20.76 5.78 4.04 
21 6.69 21.26 6.02 4.14 
11 7.13 20.40 4.08 4.08 
18 6.95 20.36 4.20 4.06 
4 7.08 20.54 4.64 4.24 
1/1 6.59 18.32 3.82 4.26 
0.51 0.372 0.223 * n = 50 - 
S)( **n25 
No.of 
lines Score Difference Location 
Oc 5 7.45 -0.54 6 
6 6.91 
St 0 15.81 2.95 11 
1 18.76 1.65 10 
10 20.42 -2.10 0 
0 18.32 
Sp 	0 2.01 1.73 11 
2 3.74 1.54 9 
6 5.28 -1.09 3 
3 4.19 
Sc 10 4.07 0018 1 
1 4.25 
TABLE A14 N41 2 
N412 - 
st not se(n=14) se not st(N15) 
n 75 	25 25 25 n 75 	25 25 25 
line Oc St Sp Sc 	- line Oc St Sp Sc 
ruseca 7.60 	15.81 2.01 4.02 ruseca 7.60 	15.81 2.01 4.02 
21 7.16 19.98 4.80 4.04 14 6.74 	15.56 2.06 4.04 
1 7.31 	19.96 5.48 4.06 3 6.61 	16.16 2.42 4.02 
11 7.18 19.68 6.12 4.08 5 6.56 	16.46 2.82 4.06 
15 7.26 	21.66 6.56 4.00 21 6.63 	16.68 2.92 4.00 
7 7.32 20.72 6.68 4.06 22 6.42 	16.80 2.46 4.00 
3 7.20 	20.40 7.00 4.08 26 6.65 	15.90 3.88 4.00 
10 7.12 21.78 7.10 4.00 20 6.71 	17.42 2.34 4.00 
13 7.23 	21.70 7.20 4.02 15 6.90 	17.66 2.34 4.02 
19 7.04 20.44 7.30 4.02 7 6.78 	17.70 2.76 4.10 
16 7.28 	20.90 7.76 4.10 17 7.05 	18.26 2.36 4.08 
18 7.03 20.66 7.76 4.04 2 6.57 	17.14 4.64 4.00 
17 7.42 	20.36 7.86 4.00 4 6.77 	17.60 4.94 4.02 
5 7.42 20.94 8.32 4.16 1 6.57 	17.62 4.84 4.00 
9 7.37 	20.70 8.34 4.08 16 6.74 	17.96 5.20 4.00 
2/2 6.68 21.70 8.50 4.04 6 6.50 	18.16 5.68 4.04 
2/2 6.68 	21.70 8.50 4.04 
0.109 	0.360 0.245 S 0.105 	0.307 0.177 
Noof No.of 
lines Score 	Difference Location lines Score 	Difference Location 
0C 
14 7.26 	-0.58 14 
OC 
0 7.60 	- -0.92 15 
0 6.68 15 6.68 
0 15.81 4.06 0 6 16.20 1.52 9 
St 	3 19.87 1.13 3 St 9 17.72 3.98 0 
11 21.00 0 21.70 
0 2.01 3.46 0 1 2.04 0.66 14 
Sp 	
3 5.47 1.50 3 
p 
9 2.70 2.36 5 
6 6.97 1.12 9 - 	5.06 3.44 0 
5 8.09 0 8.50 
TABLEA15. N41 ye se St 
4st 	(N =1) 
n 	75 	25 	25 	25 
line Cc St Sp Sc 
	
ruseca 	7.60 15.81 2.01 4.02 
8 	6.90 17.42 3.24 4.00 
'St' 	(N = 6) 
n ID 2 
line Cc St Sp Sc 
ye se St 5.98 17.76 2.74 4.26 
7 6.01 17.74 2.48 4.26 
3 6.10 18.30 2.58 4.20 
5 6.39 18.60 2.86 4.20 
2 5.95 19.66 4.20 4.60 
1 6.02 18.86 5.10 4.32 
6 6.12 18.90 3.08 4.32 
ye se 5.82 19.52 3.10 4.18 
S 	0.109 0.330 0.208 
No.of No.of 
lines Score Difference Location lines Score Differenëe Location 
Oc 	6 6.08 -0.26 0 Cc 	0 7.60 -0.70 0 
0 5.82 1 6.90 
St 	2 17.93 1.18 4 St 	0 15.81 1.61 0 
4 19.11 1 17.42 
Sp 	3 2.68 1.97 3 Sp 	0 2.01 1.13 0 
2 4.65 -1.56 1 1 3.24 
1. 3.09 
Sc 4.29 Sc 4.00 
Bristle effect associated with inversion 
Cc St Sp Sc 
In(3R)Mo 	6.08 17.93 2.68 4.29 
ruseca 	7.60 15.81 2.01 4.02 
In(3R)MO 	-1.52 2.12 0.67 0.27 
TABLE A16 dl 
se not ve(N=9) dl 
n 75 25 25 25 
line Oc St Sp Sc 
ruseca 7.60 15.81 2.01 4.02 
11 7139 16.14 2.06 4.00 
10 7.32 15.90 2.32 4.04 
2 7.28 16.54 1.36 4.00 
14 7.09 16.66 2.74 4.00 
13 7.07 15.98 2.06 4.02 
12 7.07 15.80 2.14 4.00 
3 7.06 15.50 1.80 4.00 
15 7.05* 16.18 2.28 4.02 
1 6.93 16.28 1.80 4.04 
1/1 6.57 .19.82 4.92 4.02 
S 0.106 0.284 0.350 * 	= 50 
No.of 
Lines Score Difference Location 
. 3 740 
Oc 	6 7.05 -0.35 	. 3 
0 6.57 -0.48 9 
	
St 9 	16.08 
0 19.82 	. 	3.74 	 9 
Sp 9 	2.06 
0 4.92 	2.86 	 9 














ruseca 7.60 15.81 2.01 4.02 
5 7.47 19.44 - - 
2 7.33 	. 19.10 - - 
1 7.28 19.58 4.42 4.00 
12 7.17 20.40 4.66 4.04 
4 7.13 19.86 - - 
11 7.03 20.10 4.42 4.06 
3 6.93 19.74 - - 
1/1 6.57 19.82 4.92 4.02 
S 	0.107 0.234 0.258 
No. of 
Lines 	Score Difference Location 
.6 	7.27 
Oc 	1 6.75 	-0.52 	 1 
0 15.81 
St 	3 - 19.37 	3.56 	 7 
4 19.98 0.61 4 
Sp 	0 2.01 
3 4.61 	2.60 	 3 
TABLE A17 .Z 













ruseca 7.60 15.81 2.01 4.02 
19 7.17 19.16 4.16 4.12 
5 7.56 19.36 4.28 4.08 
2 7.73 20.02 5.14 4.00 
23 7.71 20.52 7.40 4.02 
6 7.54 20.64 7.72 4.12 
15 7.45 20.62 7.28 4.08 
26 7.09 20.60 - - 
21 7.09 21.12 7.72 4.14 
18 7.07 20.82 7.38 4.08 
28 6.94 20.28 - - 
2/2 6.68 19.92 8.06 4.08 
S 	= 0.126 0.330 0.474  
No. of 
lines Score Difference Location 
Oc 	6. 7.54 
4 6.97 -0.57 6 
0 15.81 
St 	2 19.26 3.45 0 
8 20.50 1.24 2 
0 2.01 
Sp 	3 4.53 2.52 0 
5 759 . 	 3.06 3 




















Oc 3 6.90 
7 	6.52 
9 	15.45 
St 1 14.12 
0 	19.92 
8 	2.28 
Sp 0 8.06 
OR if line 
St 9 	15.45 
0 19.92  
(N = 10 or 8) 
25 	25 	25 
St Sp Sc 
15.81 	2.01 	4.02 
15.06 1.98 4.04 
15.24 	- 	- 
15.08 2.02 	4.02 
16.34 	2.26 4.00 
15.52 2.38 	4.02 
15.54 	- - 
15.66 2.42 	4.04 
15.16 	2.28 4.00 
15.10 2.34 	4.00 
14.12 	2.78 4.04 
19.92 8.06 	4.08 
0.281 0.278 
* 	= 75 
Difference Location 
-0.70 	 10 
-0.38 7 
-1.33 	 1 
5.8 0 
5.78 	 0 
3 incorrect 
4.47 	 0 
TABLE A18 d5 
ca not e(N=140r7) d5 enot ca(N=6) 
n 75 25 25 25 
line Oc St Sp Sc line Oc St Sp Sc 
ruseca 7.60 15.81 2.01 4.02 ruseca 7.60 15.81 2.01 4.02 
15 7.71 - - - 1 7.81 16.04 2.30 4.02 
3 7.58 16.28 2.40 4.02 4 7.43 15.02 1.96 4.00 
8 7.40 15.68 1.76 4.00 9 7.31 15.48 2.18 4.00 
24 7.38 - - - 7 7.27 15.94 1.94 4.00 
10 7.34 16.24 2.54 4.10 8 7.17 15.72 2.34 4.00 
22 7.33 - - - 2 7.15, 15.62 2.22 4.00 
5 7.32 16.16 2.72 4.04 5/5 6.88 15.78 2.22 4.04 
31 7.26 
30 7.19 S- x 0.114 0.266 0.250 
21 7.17 
23 7.15 
99 7.05 16.84 2.76 4.04 
1 6.97* 16.12 3.10 4.02 
2 6.93* 15.46 1.90 4.00 
5/5 6.88 15.78 2.22 4.04 
X 
0.101 0.321 0.380 
*n50 
No.of No.of 
lines score 	difference 	Location lines score difference 	location 
Cc 8 7.44 Cc 2 7.61 
6 7.o5 -0.39 8 4 7.16 -0.45 4 
TABLE A19 Hi 
se not ye (N = 7 or 4) 
n 	 75 	25 	25 	25 
line Oc St Sp Sc 
ruseca 7.30 	15.81 2.01 	4.02 
13 730** 15.76 2.30 4.02 
22 7.28 	15.92 	- 	- 
21 7.09 15.18 2.48 	4.02 
23 7.09 	16.06 	- - 
24 7.00 15.94 - 	- 
	
2 6.92 	16.32 2.38 	4.10 
3 6.80 16.18 2. 38 4.12 
1/1 8.05 	20.32 7.24 	4.50 
0.105 	0.271 0.314 ** 	= 25 
No.of 	 - 
lines score difference 	Location 
Oc 7 	7.10 	 - 
0 8.05 0.95 	 7 
St 7 	15.90 
0 20.'32 	4.42 	 7 
Sp 4 	2.31 
0 7.24 	4.93 	 4 
Sc 4 	4.06 
0 4.50 	0.44 	 4 
ve not se (N=3) 
n 75 25 25 25 
line Cc St Sp Sc 
rueca 7.30 15.81 2.01 4.00 
4 8.23 19.84 5.84 4.12 
5 8.33 19.68 5.60 4.06 
1 8.55 19.90 5.68 4.22 
1/1 8.05 -20.32 7.24 4.50 
- 
Sx 
0.135 0.349 0.438 
No. of 
lines score difference location 
Cc 	0 7.30 
3 8.29 0.99 3 
St 	C 15.81 
3 19.94 4.13 	- 3 
Sp 	0 2.01 
3 6.09 4.08 3 
Sc 	2 4.06 
1 4.36 0.30 1 
APPENDIX B 
ruseca = ru, ye, se, Est- 6S,  st, sr, e, ca 
Location 	 - Symbol Name 	 on III Description 
ru roughoid 0.0 small eyes with irregular 
facets. 
ye veinlet 0.2 short wing veins 
se sepia 26.0 brown eyes,red ocelli 
Est-6S  Esteras6-6 Slow 368 Slow for Esterase-6 
st scarlet 44.0 bright red eyes 
sr stripe 62.0 small dark line on thorax 
e ebony 70.7 dark body 




esr 	broad dark band on thorax 
stca orange eyes 
sest 	brown eyes and white ocelli 
seca brown eyes and red ocelli 
sestca 	yellow eyes 
The most difficult phenotypes to distinguish were se and seca 
which were different shades of brown. 
ru,ve 	,e 	t St 	sr e 	ca 
APPENDIX C 
Inversion in(3R)MO 
The N41 low ocellar bristle third chromosome carried 
an inversion which prevented crossing over in the right arm. 
This was investigated further  ly the examination of the 
salivary gland s Polytene chromosomes of 3rd instar hetero-
zygous larvae using the method of Tsakas (1978). 
- 	A photograph of the inversion is shown below. The 
breakpoints appear to be at the correct sites for In(3R)Mo 
(Lindsley-and Grell, 1967) and the crossover suppression 
was' also the same. It was concluded that this was In(3R)Mo, 
which is found in natural populations, though not previously 
detected in Kaduna. 
- Although In(3R)Mo physically occurs in the fifth 
section, it reduces crossing' over in heterozygotes to 
"about 5 'percent between the centromere and sr and 0.3 
percent' between sr and ca" (Lindsley and Grell, 1967). 
Diagram from photograph of In(3R)Mo 
100 
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